


WHY G-E ELECTRODE W-22 GIVES YU . 





ON QUALITY WELDS 


... 8 per cent Faster Deposition 


ERE’S a fully approved 

welding hulls, structural members, bulkheads, stiffe: 
assemblies, engine-bases, and other marine work that 
operators produce faster and better welds. 


Photos of W-22 Welds 


Overhead 


reverse-polarity, all-positior 
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Welding operators agree, when they use this rod, that it is 


fast and “easy to handle,” producing welds of excellent contour 
appearance. 
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Comparisons of carefully measured deposition rates at the sam 
levels (amperes times arc volts), in al 


ll positions, show a differ 
to 8 per cent in favor of Type W-22 elec 
is further increased because this electrode is so 
Molten weld metal crosses the arcina 


trode. Overall weldir 
easy to 
Vertical fine spray instead of large d 
a feature of great help to the operator in making uniform welds 


avoiding any tendency of the electrode to stick to the work, es} 
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Type W-22 is today’s best answer to t t 
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Program for Training Arc Welding 
perators on the Job 


on By Elmer E. Isgren* and Walter J. Brooking 





NHE rapid growth of the Peoria plant of R.G trodes Third, the complete procedur: ntrol on all 
LeTourneau, Inc., from half a dozen welding oper production jobs enables the satisfactory use of an incen 
itors in the spring of 1935 to about 500 operators — tive system which enables the welding operator to earn a 
has almost of necessity predisposed the Company weekly bonus, based on the amount of work produced as 
t rogram of welding operator training. In addition indicated by time studies on each unit of equipment 
to the rapid growth, the fact that most of the units of | which is built 
equipment which are produced in the plant are built i \s a result of the foregoing special factors the Com 
ties of from 10 to 100 units at a time allows the pany has found that to start with a man who has had no 
. : ¢ ition to apply the principles of mass production previous welding experience and train him specifically in 
to the fabrication process to such a degree that the Le the Company's methods of fabricatior is effective and 
neau welding operator is a specialized workman _satisiactory from all points of view as at ther way of 
whose training has to be obtained in the LeTourneau securing welding operator 
plant to a large extent \n orderly and thorough training program for welding 
[he direct result of the application of mass production operators has therefore been developed and has been em 
ples has been the establishment of complete pri ployed in the training of alf welding operators required 
cedure ntrol for operations on all production items. for the Compar rapidly expanding prograt 
[his procedure control is begun by building fixtures for 
‘a the setting up and the most favorable positioning during sina ial 
welding for all sub-structures and structures which com 
prise the unit; with a planned and written, step-by-step 
procedure from start to finish for each sub-structure o1 
structure Che actual weld metal depositing procedur 
control is achieved by the use of the A. W. S. Arc Welding 
Symbols on the blueprint, plus additions to the basi 
symbol which specifies to the operator the following in 
formation for every weld on his work: 
Location of weld. ,4 ESSE ot AER 
Size of weld. ko g 
Cross-sectional view (type) of weld KF 
+. Position in which the weld is deposited (i.e. flat, 
horizontal fillet, etc.). me 
Number of passes in the weld - 
ype of electrode to be used for each pass in the 
weld. 
i ‘. Size of electrode to be used for each pass in the 
weld. 
‘. Machine setting for each pass in the weld TWO PLATES, EDGES BUTTED TOOFTHE 
his complete and specific control necessitates training Sas wass. we 
which cannot be obtained fully anywhere but within the PLATES. METAL PILED ABOVE THE 
y -OmMpany s organization. WELD SHOULD BE SMOOTH AND UNIFOR™ 
M [hree other factors make the operator a specialized ran Vasenses Germs ieee oon 
workman: First, all regular production welding except nia lie tield teeth ia tains 
the application of hardfacing to the cutter blades is done tae . 
| with alternating current. Most of it is done with high RE ARROV AND SUBCLS In " we @ & 
irequency motor generator type machines. Second, al ae 
most all steel used in the plant is a special alloy steel for io 
which the Company has developed its own special elec- a 
* nut Superintendent, R. G. LeTourneau. Inc.. Peoria. ! Pi ; me meas pg —— = a eae ee Manual Practice. rhe 
dea o ym s ! veprints Is Introduced with the Elementary 
Research Dept., R. G. LeTourneau, Inc., Peoria, I Names of Welds and the Essential Qualities of Welds : 
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he hiring of the man 
for the definite purpose of learning to weld. Such a man 
is selected by the personnel department after he has 
qualified by meeting the requirements of mentality, edu 
cation and character background expected of such an 
employee He must also pass a rigid physical examina 
tion. No previous « aperrence | in welding or related to 
welding is required or especi illy desired, and often the 
man has had no previous factory r expe rience of any kind. 

After the student welder has been hired by the person 
nel department he is introduced to the Safety Engineer 
who gives him careful instructions as to the general 
safety practices carried out in the plant and special em- 
phasis is placed on the wearing of goggles, protection from 
arc burn and the care of small burns which might be in- 
flicted by bits of slag, arc explosions or large spatter 
drops of molten metal 

From the Safety Engineer, the student is taken for a 
tour of the shop by a member of the personnel staff who 
shows him the tool rooms, stockrooms, general layout of 
the plant, toilets, etc., and finally introduces him formally 
to the Welding Instructor. The Welding Instructor 
then assumes responsibility for the student welder. 

[he instructor's first consideration with the new 
student is to familiarize him with the surroundings in the 
instructional department and to assign a locker to him so 
he can feel that he has a place for both his material equip 
ment and for his activities as an employee in an organiz: 
tion. 

The student is then taken to the tool room where tool 
checks, a slagging hammer, electrode stock pot, chipping 
chisel and weld gage are issued to him. He then goes to 
the stockroom where he equips himself with safety gog 
gles, welding helmet, gloves, sleeves and apron. The 
Welding Instructor carefully assists the student in ad 
justing his equipment to fit him and instructs him in the 
processes of changing helmet, lens protecting glasses and 
other such small, but important matters. 

A certain machine in the instruction department is then 
assigned to the student. The instructor explains the 
care of the lead, tongs and machine and has the student 
start, stop and adjust the controls of the machine 
Safety precautions are stressed pointedly again at this 
stage of the student’s experience. 

Actual welding practice then is begun. A supply of 
small plates upon which to weld and a quantity of elec 
trodes of the all-position type are given to the student 
and the instructor establishes him in his welding booth. 
he process of striking, holding and breaking an arc is 


rhe first step in the program is t 
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Fig. 2— A Certificate, as an Evidence of Achievement, Is Given after 

Completion of the Formal Theoretical Study of Arc Welding and 

Welding Symbols. This Elementary Phase of Study Is Usually Fin- 

ished Soon After the Student Starts His Simplest Producton Welding 
Jobs 


154 
















































































Fig. 3—The Student Welder's First Production Job Is That of W 

Box Sections Which Are Mechanically Set Up, Manually Tacked. (,, 

to Shape and Pass in Front of the Operator at a Controlled Rat 
Speed 


first demonstrated by the instructor and then t! 
tries his hand at it Che next step is to lay a 
weld metal in a straight line on a flat plate; and folloy 
that comes the process of stopping a bead, chang 
trodes and starting the bead again by tying it in sn 
and soundly to the first deposit. The student 
from the very beginning to burn his electrodes d 
L'/,-inch butt which he deposits in a small com 
in his electrode stock pot and later returns to the 
room when he checks out another supply of el 
Che idea of complete use of electrodes and checki 
the butts in the interest of economy, safety 
craftsmanship is a part of the first day’s training 
The theoretical part of the student’s training 
begun the first day. At some time during the 
instructor gives the student his copy of the text! 
by the Company and a supplementary sheet wit 
tionnaire covering both the first lesson in the b 
the supplementary lesson sheet. The supplet 
sheet, a part of which is shown in Fig. 1, is desig 
start the student in his welding experience with 1 
sciousness of welding directions presented as sym! 


<5 
blueprint Che reading of the textbook and answ 
the questions on the questionnaire for each lesso1 
by the student at home or at the plant, and the 
naire papers are corrected by the instructor and 
back to the student as fast as the student desir« 
them in. At least one a week is required by the 
tor under normal circumstances. The content 
will be discussed briefly later. 

Six to eight weeks, depending on the student, ar 
in practice welding under the close supervisio1 
Welding Instructor. After he can strike and hold 
and lay a neat sound bead with one or more br 
starts in it, the student begins to learn the art : 
welding pieces and welding them soundly together 
butt joint and the positioned fillet welds come first 
arc length, position of electrode, and manipulat 
the arc are demonstrated by the instructor and the 
ticed until mastered by the student. Welds whic! 
been deposited are carefully slagged, brushed, ex 
and criticized. The effect of porosity, under cut, 
and excess or lack of heat are demonstrated first 
pointing out of their defects and then by actually 
ing the welds and allowing the students to see wh 
ous flaws actually do to a welded joint. 

The more difficult welds follow as soon as the stu 
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steor Months of Practice on Simpler Jobs, the Student Is 
th an Experienced Man on Such a Job as This, Where He 
Expands His Experience and Adds to His Skill 





Fig 


tures 


such 


5—A Trained Craftsman Is Required to Set Up and Weld Struc 


Such as This One Into the Large Structure in the Background 
rraining Must Be Acquired on the Job, Over a Period of Time 


ilenough to undertake them. Multi-pass positioned 
welds acquaint the beginner with the effects of a 
lated heat, the need for cleaning of each pass, how 
tal 

i 


ld 


Tié 


can be deposited in one pass with certait 
electrodes, and how to get complete fusion, pene 
n and desirable appearance 

rizontal fillet welds are next practiced, with fre 
breaking of the specimen welds to demonstrate 
© proper manipulation to get good fusion on thi 


rpendicular leg of the weld. 


Next in succession are semi-vertical and vertical welds 
from the bottom up in one, two or more passes; 01 
v many passes. Horizontal butt welds, overhead 
itt and fillet welds, and chamfered welds in all positions 
ire successively studied in detail and each student's 
lividual aptitude and dexterity are developed as he 
nes to each of the more complex problems Che ce 
trol of size of each type is learned as a matter of course 
Almost all of this practice welding is done on small sec 
ns of plate cut for the purpose, although some of the 
advanced students sometimes can weld some of the 
e simple joints on an order of factory tote bins or some 
ilar factory equipment under the close supervision of 
r instructor 
he different types of electrodes commonly used in the 


p for their specialized purpose such as the all-positior 


rode, the vertical and overhead electrode, the one 
1 to down hand fillet and flat welds and the char 


TRAINING WELDING OPERATORS 


icteristics of each under different 

from hours of experience during this { 
During the six to eight weeks of pr 

and extendi1 


weld 
coated electrodes All of this general 
with the manual wel 


he student ut the satistact 
retical part of the course H 
mplest producti vor] 
onths by the ; eo he fi } } 
d welding ymbo! iT 
Che progression from the ma 
truction department t t pr 
lop 1 in important one I re 
from practice weld to t ‘ 
isisting ot tw ingk VE H r 
pass by the operator | 
ta controlled rate I speed 
Since the box sections constitute 


tructural members in LeTourneau 
set up mechanically and tack welds 
I 


vefore welding, and are weld 


bers to maintain a full-time job for 
yperators. The welding is simple 
ncident to the change in si f be 


ind length of piec 


Che student welder meets s« 


goes from the instructional departmer: 


welding of box sections, and for that 1 


personal attention for a few days by 
nstructors whose function is to establi 
rious welding departments on jol 

new problems aris« The transit 


welder, accustomed to clos« per nal 
Welding Instructor, to a regular weld 
shop foreman who cannot devote 

tion to him is made somewhat easier 
welding instructor The experie 


Iding practice first by the Weldun 
Instructor’s personal contact with the student and 











{ t} 
+} 
t tu 
4 
| 
‘ 
} t ‘ 
t ] f 
‘ 
T ‘ } Tie 
‘ travel] 
tii Lor 
] T | the ire 
I ] ire Cut to 
ul ent n 
‘ i] eu weldit 
et tne iriet 
' iw ill 
ew t t whe re 
+ ¢ t hie reg ilar 
t t a | 
the I he p 
ey ( the 
i Lie nge or: 
‘ m ’ trickle t 
eT b the 
er er a different 
eT ] ittet 
the partmental 
i W rk 












examined by an inspector is sometimes upsetting to the 
new welding operator. Also, as a production welder, the 
new man is initiated into the experience of working for a 
bonus, and of following specified procedures. The de- 
partmental foreman and the departmental welding in- 
structor guide and counsel the new operator in these 
problems. 

After three to four months of welding in the box beam 
department the operator is usually placed in a depart- 
ment in which various small structures are fabricated. 
An experienced man sets up the structures in fixtures and 
tack welds them together, and the new man welds them. 
Small brackets, sheave housings, gears, etc., constitute 
the work—almost every one is welded in a special fixture 
for the easiest handling and most favorable positioning, 
and every weld is specified completely on the blueprint. 
Most of the welds are deposited as flat welds or positioned 
fillets. The work provides a greater variety of welding 
than box beams, and another departmental welding in- 
structor carefully tutors the operator in the new situa- 
tions which he has to meet. 

After four to six months of experience in the Small 
Parts welding department, the operator is usually suffi- 
ciently skilled to be placed in one of several departments 
which fabricate the main structures which are finally 
brought together in the assembly department. As a 
welding operator in these departments he is usually 
teamed with an experienced man in the department 
Together they set up the structure in a fixture such as is 
shown in Fig. 4, and then weld it in the same fixture or a 
special welding fixture which allows for more favorable 
positioning. This type of work further widens the ex 
perience of the operator, by giving him a wider variety of 
welding problems. The depositing of more welds in the 
horizontal fillet position and a few in the semi-vertical or 


Design and Profitable 


Manufacture Based on 
Arc-Welded Fabrica- 
tion and Assembly 


HE business of the company with which the writer 
is associated is the manufacture of industrial trac 
tors, trucks and trailers. These products are 
made largely from metal and production involves the 
machining of castings and bar stock, the cutting and 
forming of rolled sections, and finally the assembly of 
the parts into the complete unit. 
Design for strength is the prime requisite. 
places definite limitations on size. 
attained by increasing bulk. The units must be suff 
ciently compact to work in the confines of aisles allowed 
for hand trucking. At the same time, they must be 
capable of towing loads up to 70 tons and lifting and 
carrying loads in excess of 10 tons. It has been authori 
tatively stated that no mobile unit of comparable size 
in use today would stand up under the use and abuse 
that is accepted as commonplace in the daily duty of an 
industrial tractor or truck 


Utility 
Strength cannot be 


* Data and illustrations from a study ibmitt to the James | 
Are Welding Foundation by L. J. Kline, Vice-Presid and ; " ana 
of Mercury Manufacturing Co., Chicag Illinois, in a recent program In its 
current $200,000 Industrial Progr Program, wl 1 J I he 
Foundation is offering 458 awards from $10 $13,70 : a " 
and improvements made ! application of arc weldir lesign, manufacture 


fabri ation, constructior 


vertical position, the greater size of the stru 

more welding per unit completed, more complex 

and a larger variety of sizes and types of elect: 
are some of the requirements which develop tions! | 
skill in the welding operator’s craftsmanship. At th» | 
stage of training the learning welder really bé | 
come proficient in the use of the arc as a univer 
fabrication. 


After several months of experience in one or ra 
these structure fabricating departments the aver, 
operator in training has acquired the knowledg: 1 sk: 
which enable him to do most of the ordinary weld; 
which is encountered in the factory. With a shor 
period of time allowed for his learning the special fixt 
for the job, studying the prints and practicing the 
he can usually perform the processes in the nor 
required by an average operator and with a deg 
which meets the standards of quality required b 
Real proficiency and the ability to do such jobs 
shown in Fig. 5 take more time. 


At the end of from twenty-four to thirty m« 
the man was hired to learn to weld he has usual! 
sufficiently trained in the LeTourneau methods 
things, and has become sufficiently adept at per 
his welding tasks that his individual preferences, abil 
and inclinations tend to direct him toward the 
the organization for which he seems best 
skilled departmental instructor is always a 
help him solve his problems and become a better 
man. The elementary training period is over 
man has become a member of the organization wit 
specialized function which lies within his own } 
develop and expand with each year of servic 
and study 


Design for economical 
tance only to for strength. In comm 
many others engaged in fabricating metals into t 
of industry and commerce, we must struggl 
problem of designing and producing a range of t 
sizes, each of which will be produced in a strictly 
quantity. Profitable operations in this field ar 
dependent on creating designs that can be ma 
readily available materials (such as rolled secti 
shapes) and fabricated and assembled with 
machine tools and auxiliary equipment. 

In order to deal most advantageously with our 
lems, we have tried to be alert to the possibiliti 
processes and equipment that might be adaptabl 
needs. Some ten years ago, we purchased our |! 
welder. It was installed primarily to perform 
operation of assembling a pipe rack. In due « 
was assigned other and comparable tasks. 5! 
second machine was added to our facilities, an 
third and a fourth. 

So well did these machines fit into our produ 
quirements that the engineering department bes 
modest 


broductton 1s second 


design 


way, to design minor assemblies for 
fabrication. Starting in this manner, the prograt 
ually gathered momentum. More and m 


and sub-assemblies changed from castings a! 
and riveted designs to all welded construction 
Eventually the time came when it 
able and opportune to completely 
Profiting by the experience and knowledg« 
hand, we determined to explore the 
ing to the limit 
ing program 


was deem 
rede Sly! 

possibiliti 
before embarking upon a new 
[his exhaustive study led to just 
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Tractor 


Arc-Welded Steel Frame Assembly of 


: lat by creating our designs for the full utiliza 
tion of arc welding as a major process, avoiding castings 
bolted assembly wherever possible, we could 
attain maximum strength with minimum bulk; (2 
have the greatest advantage in the use of readily avail 
ble, low cost, raw materials; (3) pre-fabricate and as 
semble variety of products with standard machin 
shop equipment; (4) at the lowest cost for both raw ma 
terials and labor 
\ specific example will perhaps best indicate the major 
advantages which follow a deliberate policy of dé 
for ‘‘welded”’ production. 
Early in 1937, it was decided to bring out a new model 
eavy-duty gas industrial tractor to replace an existing 
t. Welded fabrication was a basic design feature 
[he main frame assembly (see Fig. 1) employed for 
f € tractor is the major feature selected to present the 
manner in which welding is employed in its construc 
here are just 26 separable parts in the complete 
irame and these parts are all made from standard rolled 
plates and shapes. Each part has been designed into 
completed structure to add strength without in 
reasing bulk and at the same time meet its utility func 
For instance, the front bumper is the chief 
strength member at the forward juncture of the side 
plates as well as the guard for the radiator. Similarly, 





ARC-WELDED TRACTOR 





the rear wheel fenders not only 
members but also place added weight wher 
traction, plus their utility duty of protecting 


reinforce the longitudinal 
needed tor 
the driver 


from road soil thrown up by drive wheel rhe step 
plates not only make for convenient access to seat but 
also tie in the front and rear wheel fet rs for strength 
and line 

How well the requirements of ‘readily available n 
terial’ and “production with standard machine-shop 
equipment” are observed is show! the following 


tabulation. 





Bill of Material for Tractor Frame 





Material pare for Asseml 


Part Req Raw ly 
I bumper 1 ;-in. steel plat hear flame 
ers, brake 
i perio ats 
me) | i R.H il i brake, flame 
é and=s drill 
» plat L.H l ] iat i ik flame 
und drill 
Rear | pt ] l-in. steel f " 
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ul i 





Fre fer R.H i i it 
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( emt } al 
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tron pring 
ir bracket 
Cri member ] 7x4 ‘ t to leng ‘ 
ear spring 
front bracket 
Cr member ie ind 
} zg i 
ke 
| Z ant s i 
liat port ll 
erin ack 8 
ipport 
plate L.H } 
p plate L.H { 
plat RH 
ter — 
1 sci ‘ 
| é x 
H 
1] 
ri 
| i¢ lecidedly be ( ( i ré ( 
: ° 
for “welded” producti ur 1Z¢ b’ 
4 } ‘ , | 
contrasting the trame of the t: ra rmerly built 
with the trame of the unit in welce te Lhe tollow 
ing condensed tabulation is pert Arc 
welded steel employs just 26 part trasted with 04 
I 
, 2 . , 
parts (including bolts and rivet ncreased beam 
strength of 50% has an increase { 
1 resistance to side distortior product it a per 
pound cost (labor and material presents a 
, , , ‘ , 
more pleasing and hnished ippearal ittributable to 
“rw ‘ 
all-welded frame design Appearance today has sales 


appeal of first importance even for industri 

It was stated at the 
recent years completely redesigned 
this engineering program makes the 
use of ‘‘arc welding’ as a major manu 
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Top) Stern of Vessels from River 
(Bottom) Welding on Number 2 Platten 


Top) Bitts for C-3 Cargo Vessels 
Bottom) Unionmeit Machine in Operation 


The First All-Welded Cargo Ship Built 
Under Maritime Commission 
Specifications 


By Alfred C. Leight 


HE Ingalls Iron Works Company, parent of the 
Ingalls Shipbuilding Corporation, is located in 
Birmingham, Alabama, and at the present time, 

the executive offices of both firms are located there. 
Prior to the forming of the Ingalls Shipbuilding Cor 
poration, the Ingalls Iron Works Company had been ac 
tive for approximately ten years in the building of small 


all-welded vessels of various descriptions. The majority 
of these smaller crafts was for use on the inland rivers, the 
building yards being located at Decatur on the Tennessee 
River and at Chicasaw, Alabama, about six miles from 
Mobile. The extensive experience which the Ingalls 
[Iron Works Company had in welded construction due to 
these activities and also due to the all-welded construc- 
tion of tanks and structural work, was the basis upon 
which the Maritime Commission was approached in 


* Presented at January 14, 1941 Meeting, New York Section 


t Naval Architect and Marine Engineer, Ingalls Shipbldg 


A. W.S 


Corp., New York 


order that we be permitted to bid on the building of shi 
for the Maritime Commission’s program 
welded basis. You will recall that the original « 
issued by the Maritime Commission was for the buil 
of the C-2 type cargo vessel. At the time bids wert 
quested by the Maritime Commission for these 
the Maritime Commission on being approached inf 
us that they would accept a bid for all-welded constr 
tion of the C-2 type ships, if, at the time of presé 
the bid our conception of an all-welded design b« 
sented. The time limit was not sufficient for the pr 
ration of designs so we did not bid on the constru 
of this type of ship. The specifications for the 
cargo vessels were so written to permit the yards 
were successful in securing contracts, to use their 
judgment as to the extent of welding they d 
to use in the construction of the ships with the lin 
factor that all details of construction should meet 


on al 
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{f the Maritime Commission Upon this 
repared our first estimate bidding upon the 
ns and were successful in securing our first 
the time of preparing our estimate, our 
Staff, under the able direction of Mr: 
Vice-President and general manager of the 
Works Company were preparing preliminary 

ies of a shipyard for the construction of welded 

We subsequently purchased the property wher« 

is located at Pascagoula, Miss. In answer to 

nt question, ‘““Where is Pascagoula located 

be stated that Pascagoula is located on the 

Gulf Coast, approximately 44 miles west of Mobile, 
Alabama, and 100 miles east of New Orleans, La. Pas 
cagoula has had an interesting background in shipbuild 
ing activity Due to its natural resources, wooden 
ships were constructed in Pascagoula in the early days 
before the Louisiana Purchase. It is reported that 
Longfellow wrote his famous poem ‘The Building of the 
Shir Pascagoula, in fact, the old colonial home oc 
cupied by Longfellow still is in good state of preserva 
tion and the former Mayor of Pascagoula uses this old 
home as a homestead. Before the advent of the ship 
yard, Pascagoula itself was a very small village, yet, is 
rich in historical associations of the old South. Of 
course, since the building of our yard at this location 
Pascagoula has become a very thriving town, almost 
similar to the boom towns of the old mining days of the 
West. We, being successful in securing a contract from 


if 


i 


the Maritime Commission, immediately broke ground 
for the shipyard which is now a going yard, in fact, if 
you were to visit this yard it would be noticed that the 
building ways themselves have all the appearances of 


Top) Hull Number 254 Side Framing 
Bottom) 2nd Deck Assemblies on Number 2 Platten 
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having 
tion which the 
at Birmingham, Alabama 
pany having enjoyed for ¢ 
position in the independ 
in the United States 
not require at our building 
facilities for fabrication which ws 
therefore, an inspection of our yard 
of the background of the organizatiot 
mediate bewilderment on seeing the small 
facilities at the yard, compared with the shipbuilding 
work on the ways themselves. It appears to be almost 
a miracle. I believe that all-welded construction lend 
itself to the pre-fabrication of materials at a location re 
mote from the shipyard, whereas riveted construction 
does not, because of the well-known inaccuracies associ 
ated with rivet holes, to remedy which much work r 
quires to be done at the shipyard and on board the ship 
involving the use of punches, drills and reamers at the 
yard 

Prior to the building of the yard and the 
shops, we sought the advice of the experienced ship 
builders throughout the United States. I wish to re 
mark that all the large building yards where ships had 
been built with a combination of riveting and welding, 
received our delegation with open arms and were very 
cooperative in giving us the benefit of their experience. 
You will recall the papers which have been presented to 
your SOCIETY surrounding the activities at the Federal 
Shipbuilding yard and at the Sun Shipbuilding yard. 
30th of these yards, prior to the advent of welding were 


hnecessa;ry 


Top) Hull Number 254 Crgiser Stern Assembly in Place 
(Bottom) Inner Bottom Assembly from Head of Ways 


ia 
ee oe 


Py 
LO oe 
= em ere 


: -o-. 


-—--—<—-= = yr 


ae } 


wwe w eee 





Hull Number 253 Looking Forward argo Vessel U.S.M.C. Hull Number 6 


Hull Number 254 Group 4 Assemblies Hull Number 256 Looking Forward 


THE WELDING JOURNAL 








—_—.” 


 — 














eted ships, thus, these yards have the full 
required for the building of riveted ships. 
rally the desire of these yards to utilize to the 
ve the facilities that they have for riveted 
also, old employees of these yards must be 

It is our firm belief that if either of these 
ling vards were to start out to build a 
such as ours, they would build and outfit the 
the production of all-welded craft, in fact, cer 
utives of these yards have so expressed them 


er to secure the full benefits of welded construc 

is necessary to do a considerable amount of pre 
bled work. This pre-assembled work is limited in 
nly to the capacity of the cranes at the building 
Having this in mind, our gantry cranes at the 

¢ ways are of 35-ton capacity and the pre-as 
nbled sections of various portions of the ships are built 
up to satisfy the limitations of these cranes. At present 
we are building two additional ways at our yard which 
will give us a total of six building ways. We are increas- 
the capacity of our cranes on these two ways to 50 
tons. This is not done with the idea of increasing the 
size of the pre-assembled sections, but is for the benefit 
handling large units of machinery in an assembled 
lition rather than handling the machinery in knocked 
own sections. The method we employ to utilize the 
fabricating facilities at Birmingham is to pre-fabricate 
ll frames and flat plating work, limiting the pre-fabrica- 
m work done at the yard at Pascagoula to the formed 
plates and furnace work. Birmingham is located ap- 
proximately 325 miles from Pascagoula. There are 
three methods of transporting the fabricated materials 
from Birmingham to the yard. Trucks leaving our 
plants in Birmingham in the evening will arrive at the 
yard the next morning with their load. The Bir 


Railroad and our Pascagoula yard likewise. Pre- 
fabricated materials can, therefore, be shipped over- 
night from Birmingham to Pascagoula. Birmingham 
Port, located on the Warrior River, is approximately 
15 miles from the Birmingham plant. Barge lines 
utilizing the Warrior River permits the loading of ma 
terials at Birmingham Port and the subsequent delivery 
by water to Pascagoula. For items of machinery, both 
main and auxiliary, water transportation can be utilized 
by coastwise to Mobile, and/or, New Orleans, and ship 
ment can be made by local carriers to the yard either by 
truck, rail or water. You have probably had the oppor 
tunity of reading Mr. Arnott’s paper presented to the 
Naval Architect’s Society in 1935, just a few years ago 
For those who have not followed the transition of riveted 
hipbuilding to welded construction, I wish to state 
that I consider Mr. Arnott and his associates of the 
American Bureau the prime factors in the adoption of 
all-welded construction in the United States. In Mr. 
Arnott's paper he gave the history of welded construc 
tion which had taken place in the few years prior to the 
presenting of this paper. It is astonishing for one to 





alize the rapid growth of welded construction over a 


ery short period of time. I well remember a very few 
years ago when I was called upon to sell the all-welded 
rafts which we were building at the yards of the Ingalls 

At that time the men whom we 


iron Works Company. 
I in order to turn down all-welded construc 


proaches . 


graciously admitted that the only objection tl 
lad to welding was the personal element Today thi 
has been practical'y eliminated. To me one of the n 


astounding developments in the welded ship today is the 
fact that continuous girth welding is permitted. I 
that the ship designers amon 


g you have spent man 


ALL-WELDED 





a weary hour in the past developing a shift of butts 
which would meet the approval of the classification so 
cieties. This is a lost art today and the shift of butts 
now is only limited to the joints in the sections which it 
is desirable to make in order that pre-assembly in the 
proper handling sizes can be mad Plate f the deck 
may run athwartship or longitudinal depending upon the 
best results which may be obtained for pre-assembly 
[his I believe covers one of the maior elopments in 
ship structures due to the welded art 

It is a well known fact that in riveted plate work 
wherein the seams and butts are riveted either with 
single, double or multiple lines of riveting which are re 
quired, the joint thus made is only good for from 60 to 
75% of the value of the parent plate In other words, 
the joint must be considered at 100°% plus factor of 


safety, the parent plate must naturally be made of 
greater section than would actually be required in order 
that the continuity of strength throughout the structure 
can be had, the joint being the weakest link In welded 
joints where butt welding is employed, we find, depend 
ing upon the purity of the weld, that the welded joint 
will develop from 90 to 100% of the sectional value of the 
parent plate. Many articles have been written on 
welded construction and one of the main points 
in all of these articles indicates a great saving in weight 
which can accrue from welded construction You must 

which are 


all agree that the immense areas of plating 
elements 


i 
in the structure. It appears obvious that since the 


covert d 


used in ship construction are the major weight 


welded joints of plating will develop practically the same 
strength as the parent plate the plating thickness now 
required by Rules and Regulations of various societies 
could safely be reduced for welded construction. The 


infinitesimal savings in thickness of plating due to the 
large areas of plating used én ship 
doubt, result in a great weight saving development for 
welded ships and since this is the ultimate end we are all 
striving to arrive at, I make this | 


tructure would, no 


suggestion based on the 
known fact that present Rules and Regulations for plat 
ing thicknesses are based upon ships built of riveted 


construction. There is, of course, other factors which 
limit the plating thicknesses other than the riveted or 
welded joint, therefore, in making the above statement 


it is known that we must satisfy the practical requir 
ments as well as the theoretical 

Keel laying will, in a very short time be also a lost 
term in the building of ships, for keel laying, as such, on 


the welded ship does not exist Che plan we are at pres 
ent following in lieu of keel laying is to lay the entire 
flat bottom of the ship The butts of the plating fall 
horizontally in a continuous line athwarts! p and the 
seams which, of course, are in a line, are butted, no lap 
of plating being used throughout the entire hull plating 
Che flat bottom plates after being ta l to position 
ire then lightly welded with a seal bead over id Che 
plates are V'd on the inside surface for automatic Union 
melt method of welding. The Unionmelt weld is ap 
plied so rapidly that the shrit e or tortion of these 
plates 1s practically nil. Due to 1 pre-fabricated 
t t1o1 ol the eT } { 

their proper locat i] 

[he floors or inn tom 

pletel ur J 

oF : vs 
pre ricat ur 
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Hull Number 255 Looking Forward 


half ship widths. These sections are approximately 
25 feet lengthwise of the vessel and half-width of the 
vessel in the other dimension The floors or inner 
bottom frames are welded to the inner bottom plating 
in the down-hand position or in other words, upside 
down. After the frames are welded in the inner bottom 
plating, the inner bottom plating seams or butts are then 
welded automatically by Unionmelt method and the 
sections are lifted their proper position on the 
vessel at the shipways These sections are tacked to 
gether and either hand welded or automatically welded 
in accordance with the demands of the situation. All 
of the deck plating is also pre assembled into sections 
similar to the inner bottom sections. ‘The bow and stern 
are also built up of pre-assembled sections. In general, 
I believe, this explains the methods employed. Chere 
many hundreds of different that the 
limitations of this paper would not permit an itemized 
description of the methods of handling these indy idual 


into 


are so sections 


To me, we had a g 
the trials prior to the delivery of our first all-welded cargo 
Inspectors of the Trial Board had 
from Washington with instructions to have the ship in 
readiness for the official trial Che United States Navy 
having purchased from the United States Maritime Com 
mission our first ship sent their trial board to be present 
at the trials. They were only to be on the ship a few 
hours, at which time we would be called upon to put the 
ship through various tests Due to the short length of 
time that the trial board of the Navy could be present, 
the ship of necessity was required to be ready when the 
trial board came aboard the ship. When the Director 
of the Trial Board of the Maritime Commission came on 
board, after having checked the drafts of the ship, he 
very much incensed that the ship was not down to proper 


cases. 
very interesting occurrence during 


vessel. been sent 


was 
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drait and immediately desired to know why th 
not properly ballasted for the trials. After 
formed that the ship was ballasted in accorda 
the requirements, and all tanks having been « 
that this was the case, 


prove the only explanat 
why the ship was not down to the proper draft 
to the immense savings in weight which was th | 


her all-welded 
an absolutely 


construction. This all-welded 

smooth surface on her hull du 
welding of the longitudinal seams and butt w: 
the girth seams or butts of the plating lhis p1 
unusual phenomenon to the eye of anyone accu 

laps of plates which is usual in riveted constru 

due to the smooth bottoms and sides it is our ¢ 

that these ships will have more speed per horsep 

other ships built utilizing riveted constructio1 

naturally, is not only due to projecting edges of 

plates, presenting friction in the water, but 

thousands of rivet heads which do likewise. Unforty 

ately our contract does not call for sea trials wherein + r 
marked-mile speed tests would be made, but by 
reckoning we are able to calculate that this ship 
trial run at normal designed horsepower was tr 
at 20.1 knots, which I believe is the record for 

type of ship. 

For the benefit of those who would be interest: 
know the length of time required to build our yard 
build the first all-welded vessel I give you the followi 
dates: We broke ground on the property wher 
yard now 1s located February 20, 1939. On May 
1939, the Main Fabricating Shop and Mold Loft 
completed and ready for use. Our buildings were r 
and fully equipped for operation on July 10, 1939 
first templates were ready June 30, 1939. Buildi 
Ways Nos. 1 and 2 were ready July 1, 1939. Way N 
3 was completed on August 1, 1939, and No 
was a later addition to,the yard, was completed Dy 
ber 15, 1939 

It was our original intention to build only 3 ways 
a subsequent contract from the Maritime Commi 
indicated the necessity of a fourth way. The 
plating for the first ship was laid August 15, 1939 
delivery was made November 15, 1940, or a period 
months being required from time of laying bottom 
ing to completion of our first vessel. This delivery 
prior to contracted delivery and if it were not due t 
fact that numerous changes in the ships structur 
required which were changes under our original cont: 
we could have anticipated the delivery of this first 

It may be interesting for you to know that w 
negotiating with the United States Navy for th 
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Hull Number 255 Erecting After Peak Bulkhead 
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[These net layers are approximately 


th and 63 ft. beam. It is obvious that build these vessels of all-weld 
is built only for all-welded construction pleased to inform 1 that the N 


Why the Increasing Use of Welding 
in Structural Frames? 


By Van Rensselaer P. Saxe 


\\ 1 large number of engineers ire beginniny The History of Reinforced (¢ ncrets 
arety to be interested in welding as applied to structure 


It is mainly through the efforts of electrical weld fry thinking about the rap that 

veling uipment engineers, construction company eng! material which wa 

\ rs and research men that in the past ten years welded no trouble in remembering it 
have made great advances The constantly ilness, namely reinforced 

Cd | ing field for uses of welding convinces me that itis lection of the use of tl 

iving the stage of infancy to become a hard worl Mineola Court Housé Tr} 
w yg mal ed the « t t 
has developed so many type f use it ha f reinforced concrete by | 

: re 1 a point where men are compelled to specializ ect of so much criticism t 
A  t] hey are interested ind Iders t t 


Wer n stud I the type of use in which t 
ibject of applied welding is entirely too wide 1 But being an intelligent cit ta 


it ts uses for any individual to become familiar with all of st ing in the unty 
i i itions. You have only to look at the many ré reed rete he 
ich devoted to a different use, of the handboo!l Mineola ¢ rt H ‘ ft 


AMERICAN WELDING SOCIETY, to understand this large reinforced nerete buldit 
paper will only cover that portion of welding a stands a monument to one mat 
pplied to its use in building structures material be used 
For some strange reason there has been less progress ol I ean still remember the first reinforces crete 
the use of welding in building structures, 


ins of fabricated assembly. In fact, so small is the ufraid of it And this in spite of the 
portior of welded structures to other types of assem h 1 
1 structures that we might almost say this field and This story of steel and of r 


| - 7 
iad been for vears successfully uss rope 


use for welding is practically untouched and is wide cussed because most of us 
pen te those with the foresight to take advantage of the with the story 
lities Now both of these items had 1 


neers, fabricators, and every o1 ir after 
; each continued its steady progr ntil t ( 
The History of Steel in Structural Work tandard accepted material 
+ +} 
Now, why should this be the case, and it has been the . 





ne story in the development of each new material “© OM — S$ he 1S alraid of 1 reed “ " 
hich has come into the structural field. Take struc 5 are ste P 17. 
ural steel as an example. There are still living among rials DAV < thes “ di \ 
, Ider engineers, those who can remember all the harsh : Gay was 6 
itements made about steel at the time it was being 'd hie! oon a | : 
talked up as a substitute for Wrought Iron. I can still , , nner 
remember one of my professors at R. P. I. telling me that a 
worked three years doing nothing but making te wily we 
| ills of steel samples until after having made about ind Mr — ; 
‘ ; 000 tests for some engineering board of that day, it rove tet us 


' was decided that in spite of what was said, the steel Une . nti ued 
|) ved to be uniform enough to get its adoption for the ison was pul 
IT] in hand. . 

Well, do we think that way about steel today or d os o ee ee ee. ee 


Ose 





u think it is possible to get some one to design a ; 
bere e : . : . 4 W TeT ) 
ught iron irame Ask some engineer yd und se eT ~ 
: a *?> ‘ " t% 
it he will answer. 
‘ p to exist t 
inat . h ‘ 
esented at February 21st Meeting, Western New York W 1 th t t 
sultir Engineer, Buffalo, N. Y pal - 





than in any ol ng on which I worked as one of the hand [ firmly 
ther fields in which it has so rapidly displaced other lieve that every man on that jol myself 


hink about the engineer t LV W | there 





The History of Structural Welding 


The story of structural welding progress is most re 
markably like that of reinforced concrete. About 
twenty years ago we heard vague rumors that such an 
idea had been tried Then step by step through the 


read or heard from other sources 

until one day wild engineer 
and a steel fabricating company had the guts to build a 
real building, then we heard the Navy was trying it on 
battleships and destroyers, the railroads trying it on car 
building until now it seems that every one is using i 

The ship builders, tank and boiler makers, train manu- 
facturers and nearly every one is running away with it, 
but the steel fabricator and the structural engineer are 
still standing, watching the parade. Now, what’s the 
matter with them? Well, they say they are conserva 
tive. So were the Tories during the revolution, but the 
revolution went on to a finish just the same. Certainly 
the structural engineer who will without hesitation ride 
in a welded train or ship can lay no claim to being more 
conservative than the Marine Architect nor can he 
claim that his structures are subjected to any comparison 
of stress with those which occur in ship or train operation 

The real truth is we are all creatures of habit, we 
started using rivets when we were boys and we do not 
like to change. The steel fabricator has a lot of money 
invested in riveting equipment and he does not like to 
see it junked too fast and I do not blame him. He 
fought reinforced concrete because his steel tonnage was 
falling off, but that did not stop reinforced concrete. 
You can’t stop the dollar value. Well, the next thing he 
watched some of the little shaky reinforcing bar suppliers 
grow into strong companies. Then what did he do, well, 
he decided he had better join the parade so he set up a 
bar department. But the big bar companies had grown 
pretty large and they made the fabricators’ bar depart 
ment hustle, so that even today after years of bar depart 
ment effort, they still cannot get the bar business that 
would have been theirs, had they started the bar depart 
ment when reinforced concrete was a youngster 

Well, what were the older engineers (with a few ex 
ceptions) of that early period of reinforced concrete do 
ing? They had pretty much the same attitude as the 
fabricator. They continued to look down the nose at 
reinforced concrete, would not take the trouble to learn 
something about this interloper, until it was almost too 
late. 

Then they woke up to find that a lot of very good cli 
ents were giving the designing of their jobs to the young 
engineers in the bar companies and it was not so long 
after this that these young men previously employed by 
the bar companies, set themselves out with a shingle as 
reinforced concrete experts so the older men never did 
get this business back, and they gradually dried up, for 
to make matters more difficult these young men were 
smart enough to learn the steel framing game too, so 
they were doubly equipped to do work. 

Well, it all simmers down to the same story that econ 
omy did the trick, for good buyers insist on the most 
value for the dollar spent. 

Would you not think, with all of this record of some 
thing that has happened in our generation, that so far 
as the use of welding goes, we would profit by this ex 
perience and not let welding get out of control of the 
hands to which it belongs? 


engineering journals w 
a little more about it, 


some 


Advantages of Welding 


Let’s see what welding in structural frames can do 
which no other method of assembly can accomplish. 
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In a shop set up to do structural welding 
systematic manner in which they would do 1 
the use of welding reduces fabrication costs 

With a proper set-up, erection of welded w 


| 

l 
: ‘ 
economical than riveted work and the cost 


ing is less than the cost of equivalent field ri 
A welded structural frame can be built w 
nage steel to carry equivalent loads. The wi 


is a stronger and more rigid « 

The details of connections are most simpl 
much less material than similar riveted or bol 
tions 

There t and fire hazard during 
tion due to lack of falling hot rivets. It great] 
additions and alteration to existing structures 

Last, but not least, it is a silent constructio1 
use in office, hospital, apartment house and 
tricts is of greatest benefit. 

Now, how under the sun can you engineers a ne | 
cators hope to keep anything down on its knee 
accomplish these results? You can't do it any n 
the wrought iron fellows kept steel down or th 
neer and steel fabricator kept reinforced concret 

Why not grow up with it, instead of letting it g 

get away from you as the bar business did for 
This goes for the structural engineer as well as t! 
cator, for it’s not only those engineers of byg 
who could tell you how much work they lost t 
companies that they as engineers never did get 
simply because they did not think much of r 
concrete and what’s more did not want to kn 
thing about it, until they suddenly discovered r 
concrete was going into half the structures bei: 
Then after it was too late and the steel fabricat 
to get on the band wagon, the engineers only to f 
the younger men had replaced them and the ste: 
cators to find that they had a real fight to get 


bar business they shduld have had in the first pl | 


mstruction 


is less acciden 


Repeating Old Mistakes 


When it comes to welding let us not repeat th 


takes. I say this advisedly, for I regret to sav 
have been definite signs of a repetition of tl 
mistakes 

Are the steel fabricators cooperating? I say 

Are the structural engineers designing welded 
even enough steel tonnage to scratch the surface 
the answer is no. I cannot understand the rea 
less through lack of study and reading they hav: 
cient confidence in welding to try it out even gra 


so that they will be equipped to give the archit 
owners for whom they work the benefits that ar 
able from its ust 
can only tl 


Some well established engineet 


hink in terms or rivets and who seem 





that a weld is something akin to putty, instead of |! 
continuous series of microscopic cast particles 
joining other pieces of steel; better think the 1 
over, before they get in the same fix as their predecé 
about reinforced concrete. Instead of being lea 
seems the engineers are once more being led. 

Well, who is using and promoting structural wel 
for the benefit of general public economy 

Without doubt the ship builders lead the procs 
and this covers private as well as Navy owned ships 

Following them are the railroads with a large an 
of welded rolling stock. The tank and boiler bui 
follow. 


a 





Bridges, practically none, though in Europe b 
they started tearing things up, there were around 
welded bridges. Many of these were railroad bri 
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M4 is a fine specification for welding of bridges, rigid frame structures and apply tl t tructural 
Bg uses it. steel Heretofore, this has nl be ymically 
2 st is the building industry, and why! Be possible in the use of reinforced « ret ind not 
in rare instances which I will take up later, economically possible in structural st iuse of the 
lesigned by structural engineers for archi bulky connections required by 1 ich 
un count.on your fingers the number of desig 
neers who have taken enough interest in In factory work these rigid d re permitting the 
ise it in the construction of an outstanding use of the bent rib type of roof truct which give 
1 good engineering circles it just is not done maximum clear head room with a minimut {f space 
ire a lot of large building companies empl ry consumption, no diagonal cross bra g member 
wn engineering designers who build many shadow lines usually produced by tr member 
ry buildings running into a high steel con- overhead sky lighting 
In multiple story buildings the 1 ral or continu 
welding contractors who have purchased mill ous beam design saves considerable tonnage which is 
cteel a eneier sizable welded jobs. My first increased by the simplicity of welded nectio for 
la velded job had to be constructed that way, because type of work It also permits the us f shallower 
ator r approached refused to figure or erect it. beam depths which in turn permits the use of lower story 
know of only one fabricator used to doing heights 
I riveted work, who actively converts riveted designs to It is conservative to state that thes« gid frames ot 
welded structures. They are doing this, because they continuous moment designs will save up t in steel 
h liscovered that they can make more money tonnage 
through this conversion with its savings in steel tonnag It is probably well here to state that in the average 
t 4 r costs, than they can make furnishing rivet wall bearing interior column type of buildi not enough 
worl [here has just started, and it is the only one I saving can be developed by the method f design to 
f ky 1 fabricating shop equipped to do nothing but pay for designing them by these method In this type 
W i structural work. of building it is more economical to use the standard 
neral, the engineers working for these building simply supported beam design In this type of buildiu 
g itions and electrical appliance companies are the the savings are accomplished on! the more economi 
who have developed the technique of structural cal shop and erection costs, for this typ tructure can 
g [hey are the young men of today as their be constructed without field wel the most 
rs of the past generations were the young men expensive item of a welded } 
uve of introduction of steel and the start of re It must be that these savings b n meth 
ed concrete familiar to all engineers, so all 1 to lea 
it not a rather startling parallel, to prove that you something about the applied us 
t keep a source of economy from coming to the Now saving steel tonnage is one thir ind buying your 
r these companies who build welded structures steel for the same tonnage prices a ioted on riveted 
velding saves and benefits or they would not use it construction is another whfch must be accomplished by 
hould the present practicing engineer hold back connection details which will simp! the shop fabri 
for these present employed engineers to show tion in order for your tonnage saving to rema 
ull the ropes? These employed engineers deserve iving in dollars after the job has be irchased 
redit for the jobs they have done al ire doing 
certainly are putting the lonely professional on 
i they are as I see it the engineers of the fu Riveting versus Welding 
they will know all the answers. They are the at wan feet ot @ — , 
neers and deserve the credit which is theirs arg age aigeatt all a 
ll get ‘““welding conscious” before it is too late to cnet ceaitieed 6 iuired tep 
) tep « npal I iT 
Welding Economies siead-ne —a = 
let us see how and why the use of welding creat time cannot f to replace 
economies not securable by any other procs whe ore sl] b e f 
ssembly and to do this we will start wit] e ¢ eSSt build Le t 
¢ design. trictions which still continue to « { 1 localit 
the design of trusses or plate girders the most el This very economy and t 
tary saving develops through the fact that no hok tion in itself should be cau 
to be deducted from tension members to secure net part of established fabricat 
In a properly designed welded truss, gusset which one can fabricate and e1 
tes can be practically entirely omitted. In plate only such equipment as a cutt ew clat 
ers, flange angles are not needed and single platescan anda welding outfit Che danget tuation ar 
used for stiffeners instead of using angles Single from the fact that any one who t 1 welder 
tes can be used for flanges. who can secure credit can put tructure together 
Lruss members carrying compression can be designed and should enough of thi rt of p the present 
max.mum column efficiency by placing the toes of established fabricator is going t ffer in 1 h the same 
les together to develop a square section for com- way as he did when reinforced ret ul lor 
SS101 hese established fabricators with ] plant over 
trusses or plate girders it is a fair statement to say head due to investment in riveting equipment, which will 
it any welded truss or plate girder will weigh 20% less gradually be used less and less, are now called on to set 
efor than a similar riveted truss or plate girder. themselves up with welding equipment to economically 
By the use of welding and the simple connections it handle such welded work as comes alon, Che result is 
velops, it is possible to secure the design economies of that neither set of equipment is being used to capacity 
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é iment ) 
ped I 

eve pment in the 

p + . . } T a ten a 

repa y for Structural Welding 
M t ive tr ed t pre 
pare tor this situation by putting in the most modern 
welding e wipment uch isn ; r operated sets, operated 
power house current rather than gasoline motor 
equipped set hey have set aside separate parts of 
their plants so that steel is unloaded directly on skids, 


where laving off and welding is done without moving of 





ipes, so that aiter welding is completed the steel is 
either loaded back into cars for reshipment or on trucks 
r delivery direct to jobs hese firms are being long 
ghted in preparing the way for a looked for conditio1 
lin fact these people because of these plant improve 
ts are beginning to actively ask engineers to permit 
them to make welded substitutions for riveted work, for 
they have learned that these substitutions ar letting 
them get the work done i more ec I cal shop cost 
resulting in their making more money 
But as a step beyond this a fabricating plant has r 
cently been started in Pennsylvania to do nothing but 
welded structural worl Chis plant is equipped with 
the most modern automatic welding equipment Phe 
are specializing in manufacture of welded plate girders, 


welded trusses, et Chis business is being secured by 
offering these welded members as alternates to riveted 
members and when you consider that these types of 


> 


members, welded, show an average saving of 20% over 
the same members riveted you do not have to believe 
that these people will find business hard to secure 

This plant with no overhead for obsolete riveting 
equipment is certainly going to be a tough competitor 
and as it is probably only the forerunner of similar plants 
yet to be organized, I speak of this only to urge on the 
present established fabricator to try to put his plant in 
condition to economically do welded work, that he may 
hold this business as it develops, and not let it get away 
from him as was the case of the advent of reinforced 
concrete. 

We have proved to our own satisfaction that the sim 
plicity of welded work is demonstrated by the figures 
received on welded jobs compared to similar figures for 
the same job riveted. In our early work we usually 
designed a job on a riveted basis, then called for an 
alternate based on welded work. We never had figures 
which did not show a saving in favor of the welded job. 

Later in our office we began to design jobs as welded 
work, taking full advantage of all savings such as con 
tinuity, lack of holes in tension members, simplicity of 
connections with the result that when we called for 
riveted alternates we showed savings in welded work over 
riveted work, running as high as 20% when we had jobs 
in which there were a large number of trusses or a good 
opportunity to develop continuity or rigid frame. 

[hese alternates were required because at the time this 
was done many of these structures were for public build 
ings, so, because certain fabricators kept insisting to 
public authorities that welded work was more expensive 
than riveted work we had to call for these alternates to 
prove that they were wrong. For the past five years we 
have not had this trouble for sufficient work was bid on 
to convince the most ardent rivet man that he was wrong, 
for his own shop was bidding the welded job cheaper than 
the riveted job 
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Welding Costs 


{ rie I l est $s most ite! iSK¢€ 
welding st and how much work can a 

1 da \s the welding itself is only a 
he fabrication proces ist giving this 
little help It enerally isked howe r 
sumption that other shop and field processes 
ible by an experienced fabri ator what 
iccomplish so far as the welding itself is cor 

aking the average of our jobs we find that 

shop wot in be figured to apply about | 

inch weld per hour In field work wher: 
moves his own ladders or scaffold we find that 
average five feet per hour \ sood field we 
about as many connection points in a day 
gang will drive up in a day [his one iten 
idea as to why field erection of a welded 
economical than riveted work. 

In our work on the normal tier building 
girder floor job we find that for each t 
steel the shop welding will amount to 5 to 7 
equivalent */; weld Che field welding amount 
teet per t n of steel 

\ pound of electrode will place slightly e! 
eet of */s-inch weld including allowance for w 
f electrode 

In our work we find that the cost of field wel 
from 50¢€ to 65¢€ per lineal foot in which the 
ives betwee 1 1 and ch fillet we 
the cost at union rate $1.25 per hour { 


. ‘ , . 
>i.U0 Tor he iper, and in allow ince tor toremal! 


$1.50 per hour, a hoisting engineer on the wel 
chine at $1.50 per hour, electrode at 30¢ per p 
electricity at 4¢ per kilowatt hour. This wor 


the items on a job where three or more weldet 
quired 

On work not operafed on union basis this 
lineal foot drops to 45 to 50¢ per lineal foot 
case a hoisting engineer is not required on the 
and labor rates are lower 

A conservative cost for shop welding would bs 
to 40¢ per lineal foot of weld. The actual erecti 
of steel in a welded job, tier building type of 
practically the same as the cost of erection of a 
job up to the time the riveted job is field bolted 
riveting. At this point the comparison stops 
the type of job we build, plumbing by cabl 
ever required and the fact that a single welder rej 
riveting gang immediately lowers the cost of tl 
pleted welded job compared to the riveted job 

Reliable costs kept by us indicate that when the ert 
does his own welding, and by this I mean he d 
sub out the welding, then the erection costs on our 
age welded job will run from four to six dollars a t 
than the same job riveted 

Che cost of inspection on a welded job averages > 
per ton of steel which will include shop and field 
tion. We do not require an inspector to be const 
on the job unless more than two welders are w 
He is required to see the actual welding of what ws 
term important parts 

An inspector who knows his work can detect 
welding while it is being placed or after it has been p! 
At this point it might be well to state that becau 
have always insisted on strict qualification tests 
as well as a reference from the man as to previ 
ployers. In the thousands of feet of welding tl 
been placed in our work the amount of welding wt 
had to remove is negligible 

We believe this is due to tl 


1e fact that welders 
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titude toward their work and fully Undersize or excessivel 


tance e we 
suments against welding that the inspe verlappi! l 
stly than rivet inspection would not be weld and rewelding. Over! 
were as carefully inspected as is the cas in be easilv detected 
gineer’s viewpoint it 1s hard to arrive at erinding and reweld 
work compared to riveted work due to thi Base metal if crack 
ten fabricators will under bid either a removed 
lded job in order to get the job 1n the type of riginal size bv new weld 
st used to doing A riveted job on which a tres relieving 1 not re read 1 tructural 
ite is allowed often produces foolish riveted worl It can be mplisl 
ll as foolish welded figures But, however faces to be welded to a cherry 1 menivetece wnalcl 
ire u can depend on the fact that you have metal Chis heating in be t r holdi: 
gures it is possible to get. irc on surface to be heated 
Residual locked ip str ( 
reduced t 1 mini m pb. ( 
Helpful Suggestions placing of weldir 
: In weldin Ith pieces t é i iten 
ral the following are a few suggestions which if = g¢eyurs in structural work it | the are toward 
will produce good structural welded work the heavy piect und build up from it to the thinner piecs 
can be done under normal conditions at his is made necessary due to t hat the thinnes 


ratures down to 30° F. If weldingistobedone at , s not absorb heat fact a0 the thick niec in 
| 


‘ ° piece Go 
ratures below this the material should be preheated the fabrication of plate girders with heavv flange pla 
to a hand temperature before any welding is started this is very necessary and best result ‘ ired 

eheating may be done by blow torch or other 

nd should be done near point that arc is yy plate just ahead of the welding dire 
Further heating is not usually required if weld- In plate girder work web plates should be in good cot 


ntinued. It is not considered good practice to tact with flange plate throughout length of girder 


heating flange plates by holding blowtor flange 


liik cle 
weld at temperatures below 0” unless special precautions During welding operation there are four principal 
I ig g ri n re four princi 


lake items to watch 
I ] Ss » -e from le o us 14 
Surfaces to be welded should be free from scale or rust The sound of arc, which should be a sputtering 


Flame cut edges should be free of slag particles. Weld with irregular crackling sound 
° . ‘ aah s« Les 4 4 | s 
painted steel is not objectionable but welding on 


. ] 

ire steel is best. Due to protecting steel from weather The de pth of fusion of base metal ‘ depth 
when field elding ; . ire ; oO cifv tl > ; 
when field welding is required it is best to specify that of crater in weld and the evenn p and 


( 
teel be nte r} > coat boiled lins r 4) , 
; | De painted with one coat boiled linseed oil forming of the weld bead 


- less diffic ,§ -_ o , he lins 1 oil ic . , As = , 
re lifhculty in welding where the linseed il i All work should be don ina 1 Welder 
ised due to its burning off more easily than when paint procedure qualified welding t end 


mess? am send 1 : > : : 
ent 1s included. f the AMERICAN WELDING So for Standard Met 


welds to hold parts together sh uld be as small as ds for Mechanical Testing of Weld fy 191 ~ 1040 
preferably not longer than one inch and may be e all: ; mat 
- . . . — . . se il I i 
1 part of the final weld if thoroughly cleaned  Cecpc 
with the final weld Pn (anne ater, | So ee ; ‘ 


Reinforcement of welds which are the small sectional ty yse it. trv t let 
raist ve the normal weld face are not necessary in = ¢losely spaced one to the other for more 


welding Chere is some question as to thi than a number of infinitesit f 
reiniorcement. Lc] ther and to the ise mM 
llet welds should be the length of the weld and ex in much the ume way that 
n each end a distance equal to the size of the weld together 
should have a bright metallic luster after clea No engineer worries ¢ 
ng Chey should be fairly smooth with regular and eve: these rivets ar 1] 
l ripples and of uniform contour. Good penetra which they are placed, th { » the 
base metal should be insisted o1 Chis can be hrinkage in cooling, nor would reatly erned 
1 during welding process by watching depth of ut a rivet w ing 
r used by welder during the welding procs buildings subject t ibrati 
rrent used during welding should be that recon \ run of weld Id hay 


by manufacturer of machine being used f rivets may have but th 


llet welding best results are secured by using than the group of rivet 
h diam. electrode for the root or first pa It i It is a matter t 
illy impossible to secure good welds 1 g large tory and research w 
he working conditions found on structural wor ever was d 
layer work larger electrodes may be used for more is know t 
¥YCisS ‘ 
{ welds is rarely used on structural wv rt 
be done when weld is cool t 
1 ha 
sometimes occurring in wel 
ted. Undercutting, shrinkage crac] rater By t time they know 
sity and blowholes by chip] 


, 
il and deposit additional we 
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In Conclusion There is so much published information avai 
this subject that today very little time is requ 

As I said at the beginning, welding is a better process come familiar with it. The new Building 
than riveting, because while it has all of the advantages Fusion Welding now in process of being develo; 
of riveted work, it is much more elastic in its application AMERICAN WELDING Society will be so tho: 
and it is more economical. It is just assafeto use andin comprehensive that using it for a guide an eng; 
fact is a more permanent form of connection being just as lay out a welded building with confidence t! 
permanent as the steel itself. have a satisfactory piece of work. 

This has been demonstrated in such buildings as the I appeal to you who are interested to get int 
Southern California Edison Company, Los Angeles, of work while it is in its growing stages for I 
which went through a severe earthquake without a weld you that many of the original research men f 
fracture. Warehouse and shop structures are subjectedto companies specializing on welding and its equi; 
constant vibration and overloading. Ships, trains, cars, uses are today acting as consulting engineers 
crane girders, welded steam boilers, tanks, pipe lines, structures with more work on hand than the 
radio towers and equipment of every nature are sufficient veniently do. Their early knowledge has ser 


evidence to back up the permanency of welding. in the same way the man familiar with rein! 
I say in the face of all these other uses which have been crete made it serve him when he went into pri 

going on for years, it’s up to the engineers and fabri- tice. 

cators to give owners the wider benefits resulting from So this time let’s keep up with this new su 

its use in building structures. keep the work where it belongs. 


rc-Welded Design and Construction 
Applied to Conveyors 


HE USE of belt conveyors has become socommon  veyors. About 1912 another type was int 
and universal that many companies who maintain It was made in comparatively short lengths, of lis 
an engineer to design their material handling sys-_ struction and was mounted on a truck for con 
tems merely buy the necessary parts such as pulleys, in moving about from place to place. From 
shafts, bearings, carriers, belting, etc., put them together portable type of conveyor became increasingly 
and have a conveyor. This method is not always satis- especially in the coal yard, the material yard, th: 
factory because one manufacturer is not responsible for pit and in the factory. Its first cost was small 
the complete installation. It is this practice, however, keep low and its portability made it available for 
that makes it difficult for the conveying equipment jobs. Fundamentally, it consisted of the san 
manufacturer to meet competition profitably. The units that make the permanent type. It was fou 
progressive manufacturer is forced to find some new building portable conveyors for a number of ye 
means through better design, and modern production it had many advantages over permanent cor 
methods to lower his production costs sufficiently to be Better materials were built into it to make it lis 
able to compete profitably strong and durable. It was made in units such as 
The type of conveyors considered thus far because of sectional trusses of various lengths, take-ups, 
their construction, their application and installation and hoppers, the common parts of which could be 
might well be termed or classified as permanent con-  factured in quantities at low cost and be put int 
(po a eee (ae ee from which could be drawn the necessary combinat 


Arc Welding Foundation by Paul A. Smith, designing engineer, Barber-Greene units required to make any length and width of ( 
Company, Aurora, Illinois, in a recent program In its current $200,000 


Industrial Progress Program, which closes June 1, 1942, the Foundation is de sired. Of cours¢ ’ portable conve yors have lin . 
offering 458 awards from $100 to $13,700, for reports of advances and im ol size and length; they must be practical Irom al 
provements made by application of arc welding in design, manufacture, fabri . . . 

cation, construction and maintenance ating standpoint. 





Fig. 1 l'ypical Portable Conveyor 
f ) 
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$0.92 for the ches as ava S ) ‘ t ‘ 
i ‘ iches VU ba S ol str I i \ een 
; that the welded design, while larger er 6 
2 times as str , a the rivets 1 the ime 
cost per foot Che total cost M foot se 
t is $2.60 while the cost of rive rivet it 
>0.06) was $4.5 While w t for 
the 1 il ifference shown, Va Ve that 
made t possible t lesign a tr tl ‘ it 
practically the s ri st 
Drives.—Convevor drives vary much in construc 
tion and cost that it is impossible to make a detailed 
Fig. 2—Arc-Welded Carrier Frame compar fl between the variou For the cheap 
temporary job one can buy crude, rough heavy cast gear 
s method of manufacturing came the realiza oe s. For ue long-time ps mn e ent J D Ox nerring- 
the same principles might also be applied to th eres eg oo yet ae ee eee ee se 
ture olf permanent conveyors. In conte mpl it 5* erally the highest priced a itil : wan ~“libeagge 
sibilities of this idea it was further assume — yh It was _— oo ae ee “ 
hin certain limits both permanents and port- “7'Y&> 465i ial ee See eee wn oe 
“" . . _ « ; rior in quality to the less expe: t having all the 
ild be standardized, 1.e., if a 10 hp. drive ts ade : ace wn “Set 
a certain size portable conveyor, it should bs desirable features of U , — ‘ prreed ae ( Con 
sideration was given to the limitatio1 i th portable: 


ate for a permanent conveyor requiring : salen ai eek ct peg 

, ag and permanents ifteen horsepower figured t 

lO hp. todrive it. Ifa certain type carrie I — = pteen : —_ 
: ‘hy enough for th ongest portable practical to handle, 

te for one, it should be equally adequate for hile 30 1 1 

; , . : while 30 horsepower is large e1 eh for manv pert 

joing the same kind of work. If a structural I = | P * 

— : eye installations To cover this range economically, we 

t! lequate for a portable conveyor—even thoug ; 


; selecter ree sizes. 5 tr hp ind 10 to » ht an 
mstruction—which is moved about, often elected three we : wotla! ie, : Be Ae 





‘ 
; 


-_ ' 20 to 30 hp., which have been completely igned and 
and abused, it certainly should be adequat ras Hoe = " end a. 
: : - Standardized Uther sizes will 10 VY as busine aq 
ermanent installation where loads are constant Ty ae : , " - 
mands nese drives, which al ell ntained, totally 
re permanent and the span between supports sn — 


' 7. 1 } y 1 1430} 1 } ' 
if 6 enclosed, high-grade steel-bush: roller chains and cut 
rmined for the safe carrying capacity of the . : Sie 


. . , teel spur gears se hardened 
On this basis the two lines which had been i >* — ane 


ured separately for years were both completely — _ pearing . th hou — ; 
ned and combined as far as possible. A com a wtten _ ape — 09 , 
hange from riveted to 100% welded constructior m asin age — ' 
ide at this time because of the reduction in labor vy o _— , a - , geht 
cost and weight of material which is so important i welded to steel hubs. 1 ay 2 
ble conveyors. Ul n. It has all the featur riced het 
he actual work of redesigning these two lines took a “pe Ree reduces a ee ee — —. 
time. Many designs were made before one of all “ apt igs a" nou ' patentee Peaagea tage ogors 
eel all-welded construction was finally adopted r much — and be sot } = ac 
For the sake of brevity only a portion of the change ay OF hed oF spu >* hen © De uit 
nade will be described. A few typical examples will “**“' we singe. _ = “I rte? 
serve to show what was accomplished through the ap yardage: bape geaiguentls me enh ger 
plication of electric welding in modernizing an old es- “™IYS> ©4ett oO! a a ns ee 
tablished line. Figure 1 shows a typical portable « ee ee oe deny 
UU Teet pr ite with a ‘ ead 
sila. ) } } ; ] 
russe The “Warren” type truss was adopted pany Ong sl “t ~~ 
years ago because of its economical construction ‘‘®® SUPPOT oo. © ! “ ; 
universal application made possible by its balanced ; — va rs Mas yo “gs - = | 
which permits all of its members to resist either ~*8 ES en ee ee 
or compression. NaH. om _— wi = 
he all-welded connection shows a saving of 8.8 CO™pilctet ? ; é . | 
is of material and $0.82 in labor for each chor a a - sadiice 
pulle hat ; ' 


nection. Four such connections are required for 
each joint of two trusses. These trusses average 15 fe 
which means that a 300-foot conveyor requit 
ng 20 sections would show a saving of 7 pounds of 
teel and $16.40 in labor on this small item alone t 

npossible to make a direct comparison of each point 
lesign throughout the whole truss because the 24-incl 
deep truss was designed to replace a 17'/, inch deep tru 


erly used; 2 x 2 x */,. chord angles are now bei 
tead of the 1'/>x 1'/2x */\. angles in the shallower 


A 11 


All other members were increased in proport 
A stronget ! 
which accounts for the deeper heavier tn 
new truss will resist a bending moment of 29,6 
unds while the old one was design¢ 
nds. The cost per foot is compil ir 


rtiment 


a balanced structure 





t 
15-foot | 
yased on a 1ij-Ioot section | eaci ise 15s Fig. 3 Welding Fixt 
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Fig. 4—Dished-End Rolls Arc Welded to Steel Tubing 


ings, a chain reduction to motor, an oil-tight chain guard 
for same, an open-type gear housing, a structural steel 
support complete, less power, would sell for $401.10 

A reducer type of drive consisting of the same size 
head pulley, shaft, bearings, etc., with the following: 
a herringbone gear reducer, 10.8:1 ratio, a chain reduc- 
tion to the head shaft, an oil-tight chain guard, a struc- 
tural steel support complete, less power, would sell for 
$649.85. 

Carriers.—It is commonly known to the trade that 
the carrier is the most important unit in a belt conveyor. 
Upon it depends largely the life of the belt, the carefree 
dependable operation that a conveyor is expected to give 
and the economical use of power to operate. 

The latest, most modern development of carrier on the 
market today is of the anti-friction bearing type (ball or 
roller), all rolls are alike and interchangeable and the 
stand is the only all-steel, all-welded stand on the market 
to the writer’s knowledge It should also be pointed 
out that the highest type of carrier to be efficient must 
be accurately made 

In the first place, all the shafts, Fig. 2, must lie in the 
same plane, otherwise one roller will tend to run the belt 
to one side while another may tend to run it to the op 
causing wear on the belt through friction 
To insure perfect alignment a welding fixture, Fig. 3, i 
used. Points A, B, Cand D of this fixture are accurately 
located. The end and center supports art 
clamped rigidly at points before any welding is 


done. All parts of 


) 


] 
“7 
li 
posite sic 
brackets 


these 


his stand are of steel formed in dies 








































except the structural steel cross angk 
them alike interchangeable. When 
they are tack welded, then completed as in F 
makes an 


and 


light, strong, one 


accurate, piece 
and will not loosen up. Th 
stand is made of a structural steel supportin; 
on which are bolted or riveted rough mall 
brackets to support the roller shafts. It is im 
rivet rough castings, such as these, onto a ste 
and be sure that the shaft alignment will 
Bolts or rivets are likely to loosen in service 
often been experienced with this type of construct 

Dished-end rolls are welded 100% to ste 
Fig. 4. A fixture built for this purpose was n 
worm-gear reducer driven by a small motor. 7 
set vertically and is rotated at the right speed { 
ing. The welder holds the rod in one positior 
a minute and the job is done 

The total welding time of both ends of on 
minutes or 7.2 minutes for a three-roll carrier 
carrier, with 5'/2-inch diameter rolls replaced a pri 
design whose base was a 4-inch bent channel sup 
on formed steel feet and whose shaft supporting br 
were made of pressed steel bolted to the channel 

A comparative cost analysis of these two carrier 
inches) is as follows 


cannot be broke1 





Welded I 
Material and purchased items Type A : 
Bearings, etc $5.86 €59 | 
Mfg. cost, labor, et: 2.56 2 § 
Assembly 0.40 
$8 82 Dae) 


1 


This analysis shows a saving of $0.10 in mate: : 
$0.25 in labor and $0.08 in assembly for the 
type—a total of $0.43 per carrier. While this is 
stantial reduction in cost, it should be remember: 
the comparison was with a carrier of recent desig! 
was superior in many ways to the ordinary carri 
to its bolted 


design as soon 


construction it was considered of 


is the possibilities of an all-weld« 


realized. A re 


were luction in cost was 
consideration for adopting the all-welded typ 
be more accurately made, is stronger in constr 
and will not loosen up in service, all of which 


longer lived, more substantial and more care-fre« 





and 1940 at $40.00 a set plus postage. 





SETS OF BOUND VOLUMES OF JOURNAL 


In order to provide some of the new members of the Society with an opportunity 
to complete their library on Current Welding Literature, | 
WELDING SOCIETY is offering to these new members an opportunity to purchase the 
last nine bound volumes for the years 1932, 1933, 1934, 1935, 1936, 1937, 1938, 1939 

The price to non-members for individual 
volumes is $6.50 and for the set $45.00 plus postage. 

Each bound volume contains a Subject and Authors’ Index and is bound in at- 
tractive imitation black leather covers. The set probably includes the most im- 
portant welding information available in the literature. 
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Welding and Cutting in the 
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«| + Manufacture of Trenching Machines 
€ i 
By Albert R. Askue’ 
j 
(TRENCHING machine, as the name implies, is a 
echanical substitute for a pick andshovel. Its 
i particular usefulness is inthe excavation necessary 
ya nursuant to the installation of underground structures 
such as sewer, gas and water lines, conduits for telephon 
. power utilities and the most recent develop 
_ f gasoline and oil transmission lines across cout 
f hing machines have been built for a great 
. ma ears, the early ones being very large and heav\ 
= al urd to maneuver. The company with which I am 
( ted was the pioneer in making a small, light 
i veight machine, suitable for use in the cities. The cot 
ructi f a small, light-weight machine did not, ofl 
uce the severity of the service imposed on sucl 
ne. On the contrary, it required a much mort 
machine, if the same work were to be aecom 
plishe [his has meant that our problem has always 
been that of building the maximum of quality and 
g s with the minimum in weight thts 8 ~ — 
Ar welding and oxyacetylene flame utting have , 
been of considerable assistance to us in accomplishing this desired result. For the first five or six vears all of 
ter our trames were fabricated by drilling and hot rivetin 
* Presented at the Annual Meeting, A. W Cleveland, Ohio, Oct. 21 t : : 
As far as frame fabrication is concern¢ there are three 
, t The Cleveland Trencher Company, Cleveland, Ohio very important reasons for preferring welding to riveting 
Fig. 1—-A Modern Trenching Machine. Cutting and Welding on waving in time, therefore decreas« ‘ 
N Frame, Boom Frame, Buckets, Sprockets, Gear Cases / ncrease 1n strength. 
Ease and economy in design cha 
While we are interested in all three of these r 
the possible increase in strength or a decrease in weight 
with no reduction in strength is alwa' f paramount 
importance to us. 
; Frame Welding 
[ assume that nearly all of you ha it one time or 
another had an opportunity of watching a trenching ma 
chine at worl It so, you may have realized that the 
a entire power or torque of the motor is back of each 
cutting tooth, and of course, in a reactive wa tl 
power is being transmitted back through the framework 
nd members supporting the gging mechat 
ing through ordinary iracte! 
e rivet structure w { 
but whe gging throug vit 
| lers or 1 severe TOC 
Dp comparatively short tim: ‘ t 
rames, the number of failur: 
egligible We have been 
0 years, at first g mild ste if 
rb steel which was t 
know the required technique ' 
tarted using the high-strength low ti W he 
| ame available about that tim: 
i sonad +h, 1 
Fig. 2—A Welded Sub-Frame Illustrating the Cross Bracing Which Has 7 mre G WITH Case Of Wes 
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: Proved Very Effective in Eliminating All Undesirable Weaving in Service they have satishea our requir : 






















































that we 
frames, 
fabricated crawler 


had such uniformly good results from their use 
are using them wherever possible, 100% in 
digging rims and buckets, and in the 
sprockets on our larger machines. 

I'he use of these easily weldable steels, with the added 
strength obtained without increase in weight, has been 
of particular value to us in building small, light-weight 
trenching machines. Their use has accomplished the 
same thing for us in our frame work and buckets that 
the use of high alloys in shafting and gears had already 
made possible 


Gear Cases and Transmissions 


For quite some time all gear cases and transmissions 
which are fabricated in our shop have been of all- 
welded construction. Our reasons for preferring welded 
cases are: 

l. Saving in weight and siz¢ 


2. Freedom from flaws. 
3. Greater strength. 
4. More flexible control of supply. 


5. Saving in pattern equipment. 


Miscellaneous 


We have found it economical in a number of 
to fabricate sprockets by welding a 0.45 carbon plate 
to a mild steel hub. This is accomplished easily by 
preheating the parts to be welded over a special gas- 
fired hot-plate. Jigs and fixtures are, of course, another 
place where both cutting and welding seem to be almost 
indispensable. We are constantly finding new uses for 
welding, mostly for parts which would otherwise be cast. 
However, once in a while we have found it necessary to 
replace a welded design with a casting, due to too great 
complication in cutting and jig work for the welded part. 


Cases 


Flame Cutting and Hardening 


Every piece of structural steel or flat material must, 
of course, be cut before it is ready to use. In the interest 
of economy, shearing or sawing is utilized wherever 
possible. Flame cutting must be resorted to where the 
othe1 Che flame-cutting 


feasible 


two methods are not 





Fig. 4—Welded Crawler Wheels and Sprockets with Flame-Cut Disks 
and Teeth 
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Fig. 5—Welded Segments of 0.35 Carbon Steel. Weld Preheat 


art has in fact progressed to a point where it 
cases replace machinigg 

A little over two years ago we invested in 
comparatively new small portable cutting ma 
primarily for cutting our digging wheel rims, wi 


some 6'/» feet inside diameter, the rims being | 
wide. Its use has resulted in economies and 
exceeding our expectations. In addition to cutting 


more than sufficient 
many other uses | 
The percentagt 


rims, the centers left are 
all the buckets needed, 
found for the corner 
from the original square plates purchased probab! 
not exceed ten or fifteen per cent 

In order to make the most effective use of this m 
we constructed a cutting table, using tee irons wit 
flats down across the 
and are replaced when they become too badly burt 
further The removable corner brackets 
support the rims and corner pieces after t 
About 99% of all our cutting is done on this tab! 
corner brackets being removed when not needs 
also made a special light-weight tee-shaped frat 
making long radius cuts on small pieces, such 
digging buckets, which are made by one 45 degre: 
cut and three radius rod cuts. Then, as we have 
a great many disks and washers of various sizes, wé 
it necessary to make up 12 or 15 plates for the m: 
to run on, each one having a different size hole th: 
which the radius rod center and cutting tip work 
the material below the plate. The most interesti 
developed for this machine is that of preparing th: KS 
for fabricating our crawler wheels and sprockets 
finally cutting the sprocket teeth on these wheels. 

To a small extent we are also using the oxyacety! 
torch for flame hardening and for hard facing the cutting 
teeth on the digging wheel. 


and 


pieces. 


top. [hese tees are tack 


use. 


} | 
he t 
mey i 


MARCH 
















































Welding Metallurgy 


VOLUME II 


By O. H. HENRY and G. E. CLAUSSEN 


c esentation in a fundamental course of metallurgy 
ind metallography at Polytechnic Institute of Brooklyn under the joint auspices of 
the Institute and the New York Section of the AMERICAN WELDING SOCIETY 
¥ To be published serially in The Welding Journal. The lectures are reproduced in 

:ttractive booklet form, copiously illustrated—357 pages—with imitation black leather 


: A series of lectures prepared for pr 


) 
} 





: »vers. Volume | consists of the first series of 10 lectures given by the New Y 

| tion in cooperation with the Polytechnic Institute of Brooklyn last year. Volume 2 i: 

] ‘ludes the series of lectures to be given this year. The price of the book containing 
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Part II—The Weld During Cooling 


1 the preceding section the manner in which a weld 
led was shown, together with the factors which control 
t] ling. The question arises: what changes occur 
ated in the steel during cooling? Before seeking the answer 
to the question we recall from Part I that the fastest 

ling rates occur in the metal which has been heated 

the highest temperatures during welding. If we had 

prior knowledge, we should conclude that, since the 
fastest rates of cooling have the greatest effect on steel, 
the weld metal itself should be the center of discussion. 
Not so, however, for the weld metal used for nearly all 
is purposes in the welding of steel has so low-carbon con- 
tent that it does not change its properties to any great yp x A Ss, 
extent under the most rapid cooling likely to occur in (@) ot Ss ee eo, 
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4 
7 
a 
Ln 
eA 





Pe welding. Besides in multilayer welding the next bead ‘gy 43 45)..”” \, a > 

ee always refines the preceding bead. Instead of the weld ge” yAe.7e : ~ seat 2 
metal, therefore, we will examine primarily the base “25 | APiaee 4 Neg ‘ES 
eae li ee 3 me Se gene a ; a <<, 3 ¥ ie ~t 
metal in the immediate vicinity of the weld, for itis the  ™ 9%,’ SAYA 
metal closest to the weld that cools most rapidly andis 4 “," YP ee 
most likely to exhibit important changes in structure ae Y ae ~ x) ¢ 

and properties as a result of welding. Waly Zh r 


pa ’ ~ on : tw 

The metal closest to the weld has been heated with t¥ >< ~ SN 4 
extraordinary rapidity to the vicinity of its melting point Ae SEP. aks 
During the heating the ferrite and pearlite have changed Me pny ae wr 
to austenite. When the austenite is cooled very slowly gy" }e> 4 aay) i & : f 
we know from Part IX of Vol. I that no change occurs a mn oe . 
in it until the temperature has fallen to the critical range ee 


Upon reaching the upper critical, ferrite crystals form in Fig. 8—Microstructure of Steel Containing 0 Mn, 0.18% Si 


the grain boundaries of the austenite. As the tempera After Cooling at Increasing Rates from dust Above the Upper Critical 
ture continues to fall, the ferrite crystals grow until, at Tn ve n-ne 
the lower critical, the remainder of the austenite changes b) Upper Right—Structure at 
to pearlite. The corresponding structure for a 0.28% 1) Lower Right—Cosled ta 
© steel is shown in Fig. 8 (a). The upper and lower Ms ee 
2 riticals are the temperatures given by the A; and A; ate is ir 
' lines in the iron-carbon diagram. 
eg \s the cooling rate is increased, we can no longer rely to the actual curv: rh 
4 the iron-carbon diagram for all we need to know about selected temperatures thi th t time 
ir 0.25" C steel. We must adopt the view-point that required for the austenite t tart changing to other 
cooling curve of our steel can be subdivided into a products at those temperatures, | I 
number of steps, Fig. 9 (a). The steel is assumed cooling rate it is possible 1 Iculat raturé 
e in at a series of temperatures for lengths of time at which the austenite sta t t 


sul nt so that the dotted curve approximates closely formation Che taster th 














critical temperature has been lowere: 

Accor t eneral principles, the number of crystals 
that rm duri the transformation increases as thi 
critical tempera ( lowert Thus, in Fig. 8 
the grat ire smaller than in Fig. &S because the 
cooling rate was more rapid and transformation occurred 
at a lower temperaturt further increase in rate ol 


cooling still further refines the grain size, Fig. 8 (c), for 
as the number of crystals increases, the size of each must 
decreas Che structure in Fig. 8 (c) is typical of struc 

tures found in the heat-affected zones of mild steel welds, 


refer to Fig. 62 of Vol. I \ larger proportion of thi 
structure appears to be occupied by pearlite in Fig. 8 ( 
than in & (a Furthermore, the distance between the 
carbide plates of the pearlite is smaller in Fig. than 
in S (a Increase in the rate of cooling of the mil 


steel below 900” ¢ results, 


therefore, in a smaller size oi 
ferrite grain, a small interlamellar spacing in t 


ite, and a lower transformation te mperature 

Continuing our inspection of Fig. 9 we observe 
that the curve labeled ‘fast cool’ has never intersected 
the transformation curve he austenite representec 
by this curve will not tra rm t errite and pearlite 
but will change instead to martensite at a lower tempera 
ture 


S- CURVES 


Suppose that before the temperature martens 
formation had been reached we had arrested the cooling 
by depositing a second bead over the first If the cooling 
had been arrested completely, Fig. 9 . the austenite 


retained near the first bead would transform to a product 


known as bainite Bainite is the mixture of ferrite and 
cementite to which austenite transforms in the lower 
part of the S-curve, for example at A in Fig. 9 


cementite, 
in pearlite 


Bainite is ferrite containing tiny spheroids of 
contrasting with the plates of 
Instead of growing like pearlit manner 
Fig. 58 of Vol. I, bainite grows martensite 
of austenite suddenly change to bainite by 
block of atoms. However, the 
only to “lower bainite upper bainite’’ which forms 
just under the nose of the S- forms by nucleation 
and growth, as does pearlite 

In the preceding paragraph and in Vol. I (Fig. 
the S-curve was mentioned, but the transformation 
curves that were presented, such as Fig. 9 (5), resembled 
only the upper half of the letter S. The austenite-to 
ferrite change occurs along these curves, while the aus 
tenite-to-martensite change below a maximum 
temperature. Ordinarily the experimental results are 
plotted in the shape of the letter S, Fig. 9 ( Each 
composition of steel has its characteristic S-curve (also 
called ‘transformation curve’’) which varies even for a 
given steel, with variations in grain size of the austenite 
and in other factors 

Returning to Fig. 9 (6), we see that bainite may form 
if the second bead arrests the rapid cooling of the aus 
tenite at temperatures below the ‘‘nose’’ of the trans 
formation curve, but above the martensite temperature 
On the other hand, the temperature of the austenite 
might be raised by the second bead and ferrite and 
pearlite might form. Still another possibility is that the 
austenite had changed partly to martensite and had 
then been reheated by the second bead into the bainite 
region. The resulting structure would consist of some 
bainite and some martensite that had 
reheating, Fig. 9 (d 


cementite 


in the shown in 


1-1 
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like Regions 


movement of 
block movement applies 
? 
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occurs 


been tempered by 
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Fig. 9 (c)—S-Curves for Carbon-Manganese Steels 


Left) C 


urves showing the beginning of the transformation of austenite Kia? e 
showing the end of the transformation of austenite For example, auste ¢ 
54% C, 0.45 Mn steel commences to decompose in 1 seconds at & 
the decomposition is complete only after a day has ela 3 Ae ‘ 
tempereture under equilibrium conditions. Note that only ebout 1 second ec 
for austenite to transform completely in 54% steel at the nose of t ¢ 
Adding 1.5% Man to the stee! increases the time for complete trensformat 


nose to 2 minutes Davenport) 

We cannot expect to predict quantitatively the 
of the changes that will occur in the heat-affecte 
of a given weld, because the variations in welding 
tions, such as depth of fusion, are too great for pt 
calculations. The discussion of possible condi! 
serves, nevertheless, to show whence arise the vari 
structures that are found in the heat-affected 
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that the alloy steels of a given carbon content harden at 
slower cooling rates than the plain carbon steel of the 
- carbon content. 

ie benefit of adding alloying elements to steels for 
ling lies in the utilization of both the greater ductility 
and the lower critical cooling rate conferred by the alloy- 
ing element. Quench as drastically as we please, we 
cannot drive the “‘quenched” curve in Fig. 11 more than 
a very few units higher than for plain carbon steels by 
adding alloyin; However, in the lower carbon 
contents (up to 0.20% C) to secure the maximum hard- 
ness and strength shown by Fig. nothing less than a 
drastic quench in water will suffice. Cooling in air will 
leave the properties close to the annealed condition. 
With an alloy steel of the same carbon content, however, 


r elements. 


— 


the critical cooling rate is lower than in the plain carbon 
steel. Moderate rates of cooling will suffice to create the 
fine grained structure resembling Fig. 8 (c) with which 
high strength is associated. Furthermore, some of the 
alloying elements strengthen the steel by dissolving in 
the iron. The net effect is that regardless of the cooling 
rate in welding the hardest structure in the weld will 
have acceptable ductility, yet the as-rolled or normalized 
low-alloy steel will have high strength 


MARTENSITE 


Some of the fundamental facts embodied in Fig 
are elaborated in Fig. 12. As the rate of cooling is in 
creased the tensile strength of a mild steel slowly increases; 
the maximum attainable strength requires rapid quench 
ing, corresponding with the critical cooling rate of the 
steel. Addition of suitable alloying elements to the 
steel lowers the critical cooling rate (and incidentally 
introduces complexities into the transformation curves 
and maximum strength is attainable at lower cooling 
rates than in the unalloyed steel of the same low-carbon 
content. The tensile strength of a higher-carbon steel, 
Fig. 12, rises rapidly with increase in cooling rate until 
the critical cooling rate is reached. Higher rates have 
no further effect because the martensite produced at any 
cooling rate higher than the critical is found to be 
identical in properties with the martensite produced at 
the critical rate. The ductility of the rapidly cooled 
higher carbon steel is very low. 
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Fig. 12—Schematic Diagram Showing That Increase in Cooling Rate 
from Above the Critical Range Generally Lowers the Ductility but 
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Fig. 13—Hardness of Three Steels After Cooling from Above 
Range at Different Rates. (Hodell) 


Three remarks may be made upon the p1 
paragraph. First, the properties of martensite 
on its carbon content; that is, on the carbor 
the steel from which the martensite was forme 
carbon martensite is relatively soft and ductile 
high-carbon martensite is relatively hard and 
Indeed, so large is the difference in properti 
havior of martensite iu steels with over 0.6% ¢ 
with martensite in lower-carbon steel, that the tv 
are believed by some to differ fundamental 
important thing to remember is that the pr 
rapidly cooling a low-carbon steel with or with 
quantities of alloying elements is relatively duct 

The second remark is a reminder that the | 
high-yield steels to which reference is made hav 
strengths of at least 50,000 Ib./in.* (compared wit! 
lb./in.* for plain carbon steel of the same carb 
tent) and are made in a wide variety of compositi 
the different steel manufacturers. 

Third, although Figs. 11 and 12 imply that a 
given strength and hardness will also possess a 
sponding ductility, there is no reliable relationship a1 
strength or hardness (these two are very closely rel 
and ductility and toughness. To assume, for inst 
from the fact that an annealed tool steel of 
Ib./in.? tensile strength has 20% reduction of 
that a normalized low alloy steel at the same t 
strength will have the same reduction of area is entu 
false. The low-alloy steel will have about 60% 1 
tion of area. Likewise, it is incorrect to draw s 
conclusions about the toughness of a welded joint 
measurements of hardness in the heat-affected 
Experiments have shown that although the hardnes 
the decomposition products of austenite increases a 
temperature at which the products were form 
lowered, the ductility in the static tensile test rises 
falls in an irregular and as yet unpredictable man 
the temperature of transformation is lowered. 

Before following further the subject of the <« 
weld, let us bear in mind the function of metallurs 
we have seen it thusfar. The weld is polished and et 
for microscopic examination. When we examin 
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rized by a maximum cooling rate. 


tT 


, 


as pearlite and martensite, we detect 
iat we recognize through experience with 
wn heat treatment, and that we know to 
.cteristic properties. Whether the proper 
ristic of a given structure are retained when 
upied by the structure is thin, as in the heat- 
f a weld, is not known with certainty, but 
cuess that any undesirable properties will be 
though only locally in the narrow zone oc- 
indesirable structure. Fine distinctions 
relative ductilities of different structures ob- 
microscope are out of the question. Yet 
graphic detection of martensite in one weld 
another made by a different process may be a 
ument against the first weld. We may not be 
ht to pick the bandit from a group of suspects, 
nd one of them carrying a gun.... 
function of metallurgy is the matching of 


tes in the weld with the critical cooling rates of 


re 


ite, which, if it is exceeded, causes the appear- 
i 


720 


Martensite 


Each type of weld that we make is 
For practi- 
ses the cooling rate that is significant is the 

us cooling rate at 1300° F., which can be 
i by methods outlined in Part I of Vol II 


re, every type of steel has a different critical 


steels. 


y 1) 
fe fay 


urtensite. Recalling our discussion of F 
that martensite appears in low-carbon 


steel 


traordinarily high cooling rates are employed 
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14 (e}—Changes in Volume (Length) of Iron and Steel During 


Slow Heating and Cooling 





CHANGE OF LENGTH 











300 
TEMPERATURE °C 


of a Med 


ng and Quer 


Fig. 14 


b)—Changes in Lengt! 


besides, low-carbon martet 

carbon (over 0.20% C) and 

the appearance oI martensite 

of ductility. Consequently, 

steel for welding, must be ce 

cooling rate in the weld is lk 

rate of the steel. 
Before we can a 

modify it in the in 

stead of using the appearances 

it is safer to confine the maximum 

near the weld to some value s 

experience has taught us is saf 

cooling rate required to cause tl 

srinell, Fig. 13. If the maximum « 

F.) in the weld is less than 20° ( 

safe to use the steel containing 0.25' 

unsafe to use the higher-carbon s 

maximum cooling rate in any ty ' 

remembered that nearly always tack wel 

which also must not cause undue hardness 


we 


the 


rests ol sin pli 


met 


rate is always higher in a short tack weld than 


weld, because at the beginning of a weld th 
has not had time to attain equilibrium i: 
bead. The gradual increase in depth 

a weld bead in the first inch or so 


attainment of temperature equilibri 
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Fig. 14 (c)}—The Dilatation Curves Show the Expansion of Two Plain- 


Carbon Steels During Slow Cooling Through the Critical Range. (Grif- 
fiths) 
L, = Lenath att 
L. = Length at 0° C 
Metals without critical ranges, such as 25% 2% Ni steel, contract uniformly 


during cooling 


volume of the steel, Fig. 14. Iron, upon heating, expands 
until at 900° C. it commences to change from the alpha 
to the gamma form. The gamma form is denser than the 
alpha at 900° C., and during the transformation to 
gamma the steel contracts. Once completely trans 
formed to gamma, the iron expands upon being heated to 
still higher temperatures, and expands at a greater rate 
than in the alpha form because the coefficient of expan- 
sion of gamma iron is 18 10-* per ~ C. whereas the 
coefficient for alpha is only 12 K 10-* per ° C. In other 
words, gamma iron expands 0.000018 inch in a length of 1 
inch for each degree Centigrade rise in temperature, 
whereas alpha iron expands 0.000012 inch. If, instead 
of carbon-free iron, 0.35% C steel is heated, the alpha 
iron in the pearlite changes to the gamma form and dis 
solves the carbide at the lower critical, 720° C., accom 
panied by a contraction. The remaining alpha gradually 
transforms to gamma while the temperature rises to the 
upper critical for the 0.35% C steel: 800° C. Above 
800° C. the gamma (austenite) expands as in carbon 
Iree iron. 

During slow cooling the contractions and expansions 
are exactly the reverse of those observed on heating. If, 
however, the cooling is rapid, faster than the critical 
cooling rate for the steel, the austenite transforms only 
below about 300° C. While it has been cooling below 
the critical temperature it has been contracting more 
rapidly than ferrite. Accordingly the sample may be 
denser (shorter) at 300° C. than was the steel initially. 
At 300° C., however, the austenite transforms to mar 
tensite, which is the most voluminous (least dense 
form in which steel exists at room temperature. On this 
account the steel expands abnormally during further 
rapid cooling from 300° C. to room temperature, Fig. 
14 (6). With these facts in mind, it is an interesting 
exercise to visualize the straining and squeezing under- 
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gone by a weld during welding 


approat hes, all the steel in the 


the steel near 
weld puddle 


pands [he steel heated above the critica] 
in passing through the critical range befor 
further. After the puddle has passed by, 
sets in, with expansion occurring during tl 


th $201 1c 
LILO regions 


through the critical 
been heated above it. 

There may be a region close to the 
rapidly as to harden (become 
contracts 
C., when all the steel surrounding it on the b 
side has cooled Me Goce 
is not far above 300° C. (and also contracting f 
carbon steel with a very high critical cooling rat: 
these rigid conditions, then, the rapidly cooling 
pands. We do not yet fully comprehend the 
quences. The circumstances further 
cated with alloy steels the austenite of which n 
form in a different manner and at different temper 
from plain-carbon steels. Since long, cylindr 
of steel heated slowly above the critical range ar 
cooled undergo a permanent change in length, 
decrease in length tending to change the bar t 
or sphere, it is not surprising that a little distorti 
uncommon in welding Part IV of Vol. II 

The zone that is heated above the lower crit 
not above the upper critical during welding is of 
because it is known that mild steel (up to 0.20% ( 
quenched from slightly above A, loses a great 
ductility. To cite an example, the Izod notch 
value of a mild steel (0.10% C) quenched in water 
725° C. (slightly above the lower critical) w 
10 ft.-lb., whereas after quenching from 825 
Izod value was 80 ft.-lb. The cause of the embritt! 
can be seen from Fig. 15. Heating to slightly ab 
lower critical converts pearlite to austenite contail 
about 0.8% C, which tends to form in the grain | 
aries and envelope the remaining grains of nearly g 
free ferrite. Quenching, by converting auste1 
martensite, surrounds the ductile ferrite grains 
brittle, high-carbon martensite. Under stress thi 
martensite envelopes govern the ductility, which 
If the steel is cooled slowly from 725” C., the aust 
regions transform to patches of fine grains of ferrit 
pearlite, and the steel has high ductility. Ductil 
retained, too, if the steel is quenched from 825 
at this temperature the aust« 
ferrite and has, therefore, a low-carbon content, 
iron-carbon diagram shows. Low-carbon marten: 
comparatively high ductility and unusually high 
impact value These results hold little signifi 
the welding of mild steel, for it is very rare that the 
heated only just above A, during welding cools at 
rate as to transform the austenite to martensite 

Before leaving the subject of the cooling of th 
the hardening of steel, we may recall that thet 
many high-alloy steels that cannot be quench har 
The most familiar of them is 
which remains austenitic under ordinary condit 
all temperatures. Another familiar heat-resisting 
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Fig. 15—Intergranular Martensite in Low-Carbon Steel Quenched 
Within the Critical Range 
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‘ yuench hardened is 28% Cr iron, which position of austenite and their 
% ill temperatures. These steels can be pend on cooling rate 
ym temperature only by cold work Distinguish between criti rans ul t il 
ling rate 
If marten foun t 
Questions us weld. whv will « of wet 
hardening type t to prevent LTICe ul 
the structures of the products of decom tensite . 
Stack-Cutting Hints ee yc 
- i} > 
Lo 
By E. P. Jones* abe ¥ 
ee aoe | fi 
~ ae aati =| y= 
C Starting of Cut Important for Satisfactory vee emnsie . 
Results A. Staggered Pile Method U. Unever 9 Edge 
stack-cutting operation certain advance prepa 
such as proper cleaning, stacking, and clamp Vf 
plates or sheets, are necessary to help assure TT = Edaec 
results. However, this preparatory work eid toe U -— 
wasted so far as results are concerned if the cut is ¥ lo 
rted properly. A false start usually damages thi 4— : a { 
eral plates, and produces such conditions at is . ] ‘ 
g¢ point that a second start is extremely diff 1% 
For this reason, it may be said that in some ri B. Swinging Blowpipe Method | E. Rounded Edge Deflect: 
spects the starting of the cut on stacked plates is the 
rtant part of the operating technique lo Heating vii 
st mishap at the beginning of the cut, several Blowp pe - T 4 
starting are commonly employed, as shown U cored tee 
panying sketches. —— 
= Saf te sntisheives 
1 ——e : : 
Staggered-Pile Method —— 
Sket A) illustrates one of the most simple meth CPrehested Eege Method rpen space 210ps Lut 
ire piled so that each plate in the stack pr 
ightly beyond the one below. Although the in Good Starting Practices Are Shown in (A), (B), and (¢ Poor Starting 
| plates are well aligned with one another, the reneticss Sm (0), ee of Bounties verses. Asveus Caen 
edge of the stack at which the cut is to be started slop 
slightly inward from top to bottom. Start » ont the ; 
P] sheet stacked in this way is cut in the same en ediunmton recuirit 
manner as a single piece of metal. After the blowpipe the plate Alea ial = 
has been lighted and adjusted, the cut is begun as usual ssrtmasha tt. “ae 4 
g action, however, starts in the top plate first, and Linas 
gradually progresses down through the stack, plate by 
plate, as the blowpipe advances. This starting pro Preheated-Edge Met} 
cedure, known as the staggered-pile method, consistently ; 
Ids cut surfaces of high quality. \ third starting procedure, identif is the preheated 
edge method, is the simplest of all a1 highly eflective 


provided the edges of the ] e ¢ et e sta 
Swinging-Blowpipe Method straight and square. The stack of plat uilt up to 


1 
} 
I 


_ , . the desired heig it and arranged that the tarting edge 
ihe swinging-blowpipe method is another cut-starting 4+. alicned vertically befor ae lInewen edex 
method which is used extensively. The stack is prepared like rr il ‘= (D) are avoided 
and lamped in the normal manner, but the cutting ma As soon as the cutting blowvine |! en lighted and 
iine 1s fitted with a special attachment for holding the properly slit eee Gee cable ann in din aeeadlies te tee 
lowpipe. This attachment provides for adjustment of started. the flame « e welding ™ woine nlaved on the 
the bl wpipe at an angle along the line of cut edge of the stack at the starting 1 + of the cut he 
ne starting procedure is the same as in other machine tadinated in aieotch (("), the heatine woine ia moved up 
cutting operations, except that the blowpipe nozzle is 444 down across the edge of the stacl 8 the edlens cl 
slanted away from the stack at the start, as in (B the plate are brought to the } ae temmeretuers 
\utting progresses downward through the stack as the its tien gebiins aenaiine ta te Ferree andl the 
e advances at the set angle. When the cut pierces Qticctarted. 
through the whole stack, the blowpipe is adjusted back : 
to vertical for the remainder of the cut his adjust 
ment must be completed while still cutting in the scrap Cutting Sheared Plate 
xs Improper piling of sheared plat ten makes the start 
ee ee —— a ing of a cut more difficult than it sh Plate edges 

































cut with the average shear are slightly rounded at the top 
and have a deformed bottom edge which has been dis- 
torted downward by the action of the shear blade. 

If the sheared plates are piled so that the rounded 
edges face upward, these rounded edges will have a 
tendency to deflect the cutting jet, as in (/£), and result 
in a false start. On the other hand, wherever deformed 
bottom edges face each other in the stack, open spaces are 
formed between the plates, as shown in sketch (F). 
Such open spaces usually will stop the cut. 

One way of avoiding both of these difficulties is to 
select plate which has at least one oxyacetylene-cut edge 
at which to start the cut. When this is not practicable, 
stack the sheared plates so that all of the rounded edges 
face downward and cut by any of the methods previously 
described. 
























Inside Cuts 


Conditions often arise where cutting cannot tart 
from the edge of the stack. Under these circ: 
drilled hole serves as a starting point and 
must be exercised to avoid a false start. Fir 
should be removed from the edges of the d 
second, the p ates should be stacked carefully 
sides of the holes are in vertical alignment 

If the drilling operation is accomplished afte: 
are clamped in position, alignment of the 
problem but, where this is impracticable, al 
easily assured by inserting a bolt or drift pin of prope, 
diameter through the holes to hold the plates i 
until they are clamped together. Upon rem 
bolt or drift pin, the cut can be started at the hole wit 
difficulty. 


Oxyacetylene Welding of Light 
Aircratt 


By Hanford Eckman! 


Y DEFINITION, the light plane is one that has an 

engine of 75 hp. or less. It is also recognized as 

having a high ratio of weight to power (power load- 
ing) and a low ratio of weight to wing area (wing load- 
ing). In the light plane field, perhaps even more than 
in the balance of the aircraft manufacturing industry, 
mass-production principles, as practiced, for example, 
in the automotive industry, do not generally apply. 
True, these principles do play an important part in many 
of the outside sources of supply, such as among the en 
gine makers, and automatic machines also help to reduce 
hand operations. The present light plane, though, is 
still, in large part, a handmade product in the creation of 
which welding plays a prominent part. 

This discussion will be confined to the use of oxyacety- 
lene welding in the production of light planes, designed 
principally for private use as differentiated from military 
and commercial aircraft of higher performance. In our 
field, the welding of light-walled tubing is practiced most 
extensively in the fabrication of fuselages. For the 
light plane, welded tubular design at present allows the 
most satisfactory method of construction because it per- 
mits a high rate of production with a minimum of special 
tools and jigs. 

Welded tubular design has a high ratio of strength to 
weight. Moreover, welded joints are highly efficient 
and rigid and, at the same time, light in weight. This 
type of assembly permits great flexibility of design and is 
economical to fabricate and to maintain. 


Development of Welded Tubular Construction 


Perhaps a review of the development of welded tubular 
construction in the aircraft industry will help to indicate 
present trends in design and materials. When metal 

* Presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 21 to 
25, 1949 


t Production Manager and iperintendent, Piper Aircraft Corporation, 
Lock Haven, Penna 





first replaced wood in aircraft members, carb 
were employed. These are still used, as represent 
the S. A. E. 1025 or similar steels. Joint des 
welding technique for this material were thoroug 
vestigated both in the field and in the laborat 
the industry developed, higher speeds were attai 
aircraft and greater stresses resulted. In the se 
lighter or stronger materials, alloy steels were intr 
S. A. E. 4130 and S. A. E. X4130 or their « 
have been widely used. 

There are a number of specifications written t 
carbon steels and chromium-molybdenum steels in various 
industries, and particularly in the aircraft industry 
following table is representative of these steels. It ¥ 
be of assistance in making a comparison of the | 


Chemical Composition 



















































Manga Chromiun } 
Carbon, % nese, % W/ 
S. A. E. 1025 20-).30 0.30-0.6 
S.A.E.X4130 0.25-0.35 0.40-+0.60 0.80-1 
Physical Properties 
Approx. Tem- 
pering Tem- Minimum Ten- | 
perature, sile Strength, Lb. I 
F per Sq. In 
S. A. E. 1025 55.000 
S. A. E. X4130, 90,000—95,0007 
normalized 
S. A. E. X4130, 11 125.000* 
oil-quenched J 9,000 * 
has > 
f ) ) y)* 
* Light gages—minimum ductility—maximum t 




























ymium-molybdenum and the car t] ritical point. steel crystals te ' —_ 








tart eable differences in physical properties ture and the amount the temperatut ritical 
m-molybdenum steels and plain carbon | Phe rter the time that 
the relative tensile strength and du t] rit point and the lower the t on. : 
- ium-molybdenum steels, because of  t rvst rill tr the het 
sth and ductility, are highly suitabl | t steel reacts wv 
nstruction These all t ils l 
sibilities of heat treatment | 
ur harden have necessitate rt \ 
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Fig. 3—These Are Part of the 400-Odd Bronze-W elded Jigs Used in Shap- 
ing Tube Stock 


Fig. 4—This Bronze-Welded Jig Is Being Used for Sh iping the Ends of 
a Tubular Member 


mum of other elements his was reflected in the weld 
ing technique used [lo obtain adhesion between the 
added metal and the base metal, a considerable amount 
of the latter was melted to make sure the oxide was r 
moved. To eliminate the iron oxide from the weld, th 
weld metal was heated well above melting temperature to 
obtain fluidity. As a result the weld was reduced in 
carbon and was low in tensile strength as compared with 
the results obtainable today. The carbon content of the 
rod had to be low to avoid excessive reaction between it 
and the large amounts of iron oxide that were present. 
As the welding industry has developed and knowledge 
of the needs and problems has increased, new welding 
rods have been devised in which manganese and silicon 
have been added to reduce the iron oxide. With these, 
the products of the reaction are solids which form a fluid 
slag that floats to the top of the molten puddle. This 
effectively cleans the weld metal and protects it from fur 
ther oxidation. The elimination of the carbon-iron oxide 
reaction in the weld makes it possible to increase the 


Fig. 5—Floor Space Is Conserved by Supplying Oxygen an, 
Welding Stations Through Drop Rings 








Fig. 6—Fuselages of Chromium-Molybdenum Tubing Are First Tack 


Welded in Jigs 


carbon con 

strength of 

posit is obtained he active re 

remove the hereby making excessive 


the base met ( temperatures m 


point unnecessary Che welding 


still very similar and a neutral 
used 

Figure 1 illustrates the action of 
[he temperatures are representative 
in a cross section of a weld. 

This type of welding rod and welding tech 
widely used in the fabrication of tubular member 
is very satisfactory when used on straight carbon st 
with S. A. E. 1025 and good results are obtain 
some chromium-molybdenum steels, particularly 
is taken to allow for expansion stresses and if he 
held to a minimum to inhibit grain growth A lat 
vance in welding procedure has further assist: 
welding of chromium-molybdenum tubing 
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lelding with Excess Acetylene Flame 
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cess for oxyacetylene weldir 


ut cooperating properties of carb 


rlying principle of the procs 

wing relations: carbon is 
wers the melting point of tl 
is in the feasible weldin 
luces iron oxide 


Nis SaSeCOus ana escapes 





el is heated to somewhat bs 
is exposed to a carburi 
the white-hot metal 
spontaneously as the 


ure Ol +°/» per cent Vhis 
ings essential in wel 


reduces oxides. It promot: 
is a flux and causing the 1 


Figs, 7,8 Fuselages of Chromium-Molybdenum Tubing Are First 
Tack-Welded in Jigs 
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Fig 
Point Mounting Fore and Aft Permits the Entire Fuselage to Be Rotated 


Fig 


9 


10 





Finish-Welding Is Accomplished in Wheeled Dollies Single- 


as Desired 





A Bubble-Type Liquid Flux Dispenser Supplies Flux Automati- 


cally for Bronze-Welding Operations 


9 10 


This Motor Mount Is Fabricated by Welding Chromium 

Molybdenum Tubing 

= 

Weld Applications 
to this point we have discussed, at some length, the 
problems and metallurgy of welding chromium 
enum tubing by the oxvacetvlene process Chis 
use the greatest amount of welding is done on this 
l [In our plant, we use about S85 different size 


Here an Axle Assembly for the Land- 
ing Gear Is Being Welded 


Fig. 13 


This Wing Compression Web Is in the Fin- 
ish-Welding Stage 
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tubing, received in lengths of from 12 to 20 
size and then shaped for assembly 

At this stage of production, welding ts « 
the first time. The various jigs used f 
tubing during the shaping operations are 
the tool department by bronze-welding, a 


is particularly effective for this type of wor 


its great flexibility and speed. Figure 3 s 
group of the more than 400 jigs used in shay 
ing before assembly Figure + shows one 


1 


while forming the ends of a tubular member 
From this point, 
) 


the tubular me 
transported to the adjacent fuselage ber 
departments for fabrication into compone: 
parts 


Manifolded oxygen and generated a 
supplied through a piping system which tern 
number of strategically located drop rings sin 
one shown in Fig. 5. These drops provide at 
a total of 124 separate welding stations, 
d as to provide a maximum effect 
range for each operator. In addition, the met! 
pension from above conserves valuable ut 
floor space all the way along the line 

In the fuselage department the shaped sect 
ing first up in lor tack 
views of this stage of construction are shown 
7 and & The jigs are of reasonably heavy 
struction and were designed along three | 

1) they 
members 


joined 


ust 
Various 


na 
ald 


all « 


SO posits rie 


art set jigs welding 


aS 

provide for exact positioning of tl 
and for clamping them in place unt 
2) wherever there is a possibility of u 
warpage taking place, provision is made for 

body of the metal cool during welding 
construction is such* 
from becoming 


- 


and ye 
+ > nN he lagpc + 

as to prevent the eages 

unduly chilled. 

tack-welding ope 

fore and aft in wheeled 

9, and 


On completion of the 
fuselages are mounted 


that shown in Fig 


passed along to the 


ing section of the fuselage department Her 
welds are finished by experienced operator 
is facilitated by rotating the entire fuselag: 
in order to take advantage of the best p 
position for each joint 

he total number of steel welds in cluster 
turtle decks in a given airplane varies accor 
model, but the average number is close t 
tional bronze welds for some of the small 
guides for control cables and other similar part 
over 2ZUU | these latte operations, pI 
been considerably speed by use of the v i] 








Fig. 14--Here a 
Manifold Is 











Stainless Stee! 
Being Assembled 
acetylene Welding 





This Muffler, Being Welded, Is Made of Stainless Steel 





















Automatic Flux for Bronze Welding 
Con c 

ct f equipment is connected between thi - 

hydraulic back pressure valve and the blow I immat it wou f f , 
t all of the acetylene used passes through thx lesict t the present moment 

[he acetylene, as it flows toward the blow otto 2” sndinaiiaiainl 
les through a special liquid flux within the dis Soak alt denciteealidalt 

ks up the required amount of flux in vapor ushaniaien Ladieiincenetn 60s 3 


vapor flux then passes through the hose and ene method has larve! eee , ‘ 


P : : : Cl il —p 
irectly to the point of welding where the r neutral flame for several imp 
g is produced upon the parts being joined etviene method is faster 
of the flux is thus automatically and me ne fea ses ti veal menial 


olled. Only the required amount of flux t o lower ten 
it the exact point where it is needed so that rail row't with ry 





to excessive use of flux, is eliminated, and properties in the weld. B 
] eee + t : i itl VV l re" 
i welds ol excellent appt arance art sper , iptable t p er 1 rs 
contract 1 ble | 
Bench-Welding Applications ing atmospher 
i ‘ ‘ ‘ | i si 
e fuselages are being constructed, the bencl \ nd important aid *# 
epartment is busy fabricating fitting ind | t plan 
small assemblies lhe necessary operations ribe Tr) 
lude fusion welding of chromium-molybdenun bronze wel ¢ completel 


teel, and bronze welding The operator elivering tl 
welding a chromium-molybdenum ste¢ 
the landing gear. Other parts welded fron greatly eliminat 
include motor support Fig contr Dh 
ie tubes, fire-wall Su] 


Discussion of “Flame 
Machining -Control 
and Applications"  %* 


By John J. Crowe 








Fig. 1 (Upper Left)—This Rotary Dryer Makes More Than a Carload 
of Welded Stainless Clad Plate All Joints Are Butt Strapped and 
All Inside Welding Is Done with Stainless Steel 


Fig. 3 (Lower Left)— Cutting a Bar Ring to Width with the Radia- 
graph 


Fabrication of Rotary 
Dryers 


5S THE development of machine gas cutting, oxy 
acetylene and are welding techniques over the 
past ten or fifteen years has benefited so 
industrial fabrication both large and small, 
lowering costs and improving quality, so has this develop 
ment benefited like ours that rather 
peculiar production problems. problems are 
peculiar in that they result from the necessity of building 
a comparatively small quantity of heavy units, each 
individually designed and fabricated to fit a particular 
production process or problem of the customer 
It is amazing even to those whose daily work is con 
fined to the solution of drying problems to contemplate 
the vast number of industrial that involve 
drying, either as a step in the process of manufacture of 


many 


pri CESSES 


businesses have 


These 


processes 


’ P : ' , . 
* Sales Engineer, Louisville Drying Machinery Co., Ime Louisville, Ken 


tucky 




























Fig. 2 (Upper Right)— On This Revolving Jig Steam Tubes 


Feet Long Are Made from Standard Mill Lengths 


Fig. 4 (Lower Right)—Using the Radiagraph to Bevel Cut and 
Ring in Preparation for Arc Welding The Cutting Flame Rep 
a Boring Mill Operation and Makes a Substantial Savin 


the finished main product or as a me 

waste or by-product into a marketable « lit 
Che variety of the methods that must bs 

the successful and economical solution of 

lems and the importance of careful design of 


mallest details of the machinery to adapt it 
chemical, physical and mechanical properti . 
various materials to be dried, make extreme flexibilit 
fabricating methods of utmost import: 

As we go back to the old days of the 
and forge we wonder how machinery like ours wa 
cated at all in those times. The answer of cours« 
without the present modern aids, problems of fab 
that can now be approached with confidence that 
solution will be readily found, would not even ha 
considered possible of solution in the horse and bugs 

The Louisville Drying Machinery Compan 
recognized the value of the new technique of fabri 
and has constantly striven to apply and impr 
modern methods as fast as possibk A few examp! 
illustrated to bring out the variety of operations 
need for flexibility of design in the production 
ment for drying operations. 

The large rotary dryer shown in 
from * 


1 
. Saw 


- i IS la 


ig 


E 
s-inch stainless clad plate. The interesting 








Fig. 5—A Heavy Angle Bar Ring in the Process of Arc Welding, After 
Shaping and Edge Preparation by the Radiagraph 











about this shell is the fact that both the longitudinal and 
circumferential joints were made by using !/2 x 4-inch 
steel butt straps plug welded and fillet welded to the shell 
plates which had been straight sheared and closely butted 
These joints are finished by a stainless steel seal weld on 
the inside of the cylinder. The stainless steel lifters o1 
flights, of which there are 400 inside the cylinder, were of 
special design supported on special stainless steel bolts 
passing through the shell and are welded to the flights 

Figure 2 shows operators welding steam tubes in a 
Louisville Rotary Steam Tube Dryer. The work is set 
up in a revolving jig and the rotation of the work is con 
trolled by a foot switch. An '/s-inch alloy rod is 














Future High-Speed 
Construction Hinted in 
New Georgia Home 


By A. F. Davis’ 


EW building construction speed, which permits 
erection of factories, plants, homes and other 


p structures in half the time of conventional meth 
ds, and which would be a vital aid in speeding present 


lelense building requirements, is recorded in completion 
fa new 7-room residence in Georgia in less than two 
months. 

[his home (see Figs. 1 and 2), built for Mr. and Mrs 
+. Le Tourneau, '/, mile from the new Le Tourneau 
plant at Toccoa, Georgia, utilizes a new type of prefabri 

ited arc welded steel “building block,’ or pane l, which 
entirely revolutionizes all ideas of structural practice by 
completely eliminating the usual framework. Applica 
bie to any structure, this ‘“‘building block”’ is framework 
and wall member in one unit. Because of this simplicity, 
building construction time is reduced by as much as 50°; 
Chese steel “building blocks,’ see Fig 3), used in the 
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ice-President, The Lincoln Electric Company, 12818 Coit Road, Cleve 
and, Ohio 





6—Applying the Final Weld Bead to the Outside « 


drawn steel tubing 


nickel chrome 

are welding and tubes of monel metal 

acetylene welding or arc welding 

In the remaining photograp 
mechanically operated oxyacety 

* welding machines f 

blies is portrayec 











i—Front View of New Arc-Welded Steel Le 
in Georgia in Less Than 


lourneau Home 


pletely eliminate con\ 
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fundamental or general ones, leading 
j the publication of information that wi 
' be useful to science and industry 
Applications should b 
later than April 1, 1941 
| Application forms and further informa 
tion may be secured by writing Clyde 


EK. Willian 


Director 


EMERGENCY STANDARDS 


Standards As 


adoption of a special 


The American sociation 
| | today announced 
method for quick action in developing 
| ki Standards needed for defenss 
purpos This method 
turn out 


nergency 
will make it 
possible to standards for parts 
and materials used in defense production 
as rapidly as is consistent with a good tech 
nical job 

In the 
up this procedure, It 1s 
highly desirable that the American Stand 


ards 


words of the committee drawing 


streamlined 


Association be prepared to act 
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Kacn Can Say 


—— years ago, in 
1904, the president of the Ameri- 
can Telephone and Telegraph 
Company went to work as a clerk 
n one of the Bell System com- 
panies. 

About that time, the 18 men 
who are now the presidents of the 
Bell telephone companies were 
For, like 
the head of the System, they have 


starting their careers. 





“FI WAS A DRAFTSMAN” 


worked many years in the business 
r Ho 
—an average of 38 years each. 


Each of them can say: “I was a 
clerk,” “I was a lineman,” “I was 
a draftsman”— and so on. 

The “know how” is here — for 
the every-day job of running the 
telephone business or to serve you 
in emergency. Up-from-the-ranks 
management is doubly important 


these davs. 


BELL TELEPHONE SYSTEM 


ADVERTISING 





THE BELL SYSTEM IS DOING ITS PART IN 
THE COUNTRY’S PROGRAM OF NATIONAI 
DEPFENSI 






















































































C-F Positioners provide 
better, safer, production welding. 


Everyone concerned with welding knows that positioned welds, made 
down-hand are the best. Innumerable time studies also show these 
additional advantages of positioned welding: savings in welding time 
cleaning time, overhead crane service and increased safety 


Write today for Bulletin WP-20 
giving full information. 


This circular, just off the press is an informative folder showing many 
examples of better and more economical welding with C-F Positioners 
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able. Table top is t S yn F a ro 
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> 
The ex 
clusive 
design of C-F No one has contributed mors 
Positioners 
permita wide to the advancement and 
range of in general economy of resistance 
stallation = welding than Mallory. It 
rangements 
a would be nearly impossibl 
name an industry that | 
not benefited tangibly b 
through the development of Mallory Alloys... and throug! 
the economies made possible through the standardization of 


ww elding electrodes. 


Mallory’s leadership has been based upon unremitting resear 
and experimentation. Mallory’s leadership will continue to’ be 
based upon this prac tic al source of progress. 


{ 


When you spe 
Mallory Welding Electrodes, vou may rely upon it that you ar 
receiving the benefits of the most advanced knowledge of go 
welding practice. 


P. R. MALLORY & CO., Inc., Indianapolis, Indiana © Cable Address —PELMAILLC 
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NATIONAL WELD-TIMERS are ALREADY doing 2a GRAND JOB 
on MANY NATIONAL DEFENSE PROJECTS 


When Hiring Lots of NEW HELP, its Pretty Nice to 
have Weld Timers that are so 
SIMPLE TO OPERATE, and EASY TO UNDERSTAND 


lt makes Little Difference, for Spot Welding ordinary steel 
plate, 14 inch thick, or that very flexible, Stainless Steel, 
“SKIN” stock, measuring .005” in thickness, there is a National 
Welding Timer, for EVERY PURPOSE. 


Have You 
Written for 
Your Copy 
of Bulletin 
No. 1467 

its NEW, and 
Full of 
Practical 
Information 





No. 1750P Timer for General Use 


The National Type 1800P Timer at left, is specially adapted 
to control weld time for special alloys. It synchronizes with 
the A.C. sine curve, opening or closing on zero. Weld-time 
as low as cycle, or as much as 30 cycles, is obtainable 





The Type 1750P Timer is used extensively on Gun welders 
in the automotive body plants. Welding speeds as low as 30 














No. 1800P Synchronous Timer for Alloys spots per minute, or as high as 360 per minute, are possible 
NATIONAL TIME & SIGNAL CORPORATION 
600 E. MILWAUKEE AVENUE DETROIT. MICHIGAN 
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“5 
boat is equip] 


that on 


are not large 


t t } i etl ian! d to k t} t trie I ‘a T T . Tor 

craft, it has | ined to ce merging NEW HOPPER-TYPE TRAILERS 
down the ississipp1 » tl ulf of M1 Swertz rvi te ! nited 

Mexico States Government durin he fir ld A new development i 

W em th =" rhte< hh o- oon ths om nm all 

. ‘ War was one of the high n Ih é n t I form of anall 

Tortuous Voyage Necess 


l 
complishments. In Octobi if, @& h 1 semi-trailer, 


sreat, floating drydocks, d r Six contract was signed for the bu 1g th recent the Landis Steel (¢ 


feet of water, will be built t nvé he $15,000,000 Squanton ant an é n ‘on Picher, Oklaho 
on th tortuous struction of thirty-fiv stroyers, all t ls unit, two of which can 
Getting to the Mississippi via the Chi be built within nty-se ionths peration in the accompanying 
I tl ubmerg Mr. Ewertz was d in charg his was developed primarily for 
pa beneath Chicago's bridg: lo go undertaking transporting and du 
under one tl dge ie explained, it Four months after h breaking of ravi Illustration shows unit 
will be necessary submerge the vessels ground, ship constructi tarted and ad State mining field around Pi 
about three feet and to remove the peri- vanced as the plant 5 Seven thou- ‘ welded construction, 
scope and periscope supports. Caissons 
then will be used to lift their keels above 
the shallow mud-flats, down the Drainage 
Canal to the Mississippi 
Upon their delivery at New Orleans, 
the craft will continue under their own 
power to Groton, there to undergo the re 





quired tests and trials. According to the 
plans, the ships will be built in groups of 
three, three and four he first one, Mr 
Ewertz said, probably will be delivered 
early in 1943, and from then on, deliveries 
will be made two to three months apart 
He estimates that it will take about two 


months to complete the journey to the 
gulf, and for the towboat to return 

Explaining for the benefit of laymen 
some of the striking differences between 
the construction of submarines and of 
vessels designed to ply the surface of the 
water, Mr. Ewertz said: 

“The whole construction is different, 
for a submarine is almost like two boats in 
one. It has what we call the outer hull 


and the inner hull. The machinery that adi ; ‘ 
; : ¢ Iwo of the New Arc-Welded Steel 30-Ton Hopper-Type Semi-Trailers in Use Near 
goes into this boat is very complicated Picher, Okla. for Hauling Gravel 


Buy ‘*“‘Proven Fluxes’”’ with Years of SH AW INIGAN 
Guaranteed Satisfaction behind them 
The Trade-Name is **ANTI-BORAX”’ CARBI +) a e 


Ask for Them Unequalled for Quality For 








A Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for bronze-welding cast iron; “ABC”? Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9: Silver 


Solder Brazing Flux No. 10; ‘“*Anti-Borax” Tinning lh SHAWINIGAN PRODUCTS 
Compound No. Il. , CORPORATION 


Send for Free Samples ; x RS “i EMPIRE STATE BUILDING 


NEW YORK,MY. 
ANTI-BORAX COMPOUND COMPANY 


Fort Wayne, Indiana 
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None but the new VICTOR “AIRADI- 
ATOR” nozzle could complete this 
weld without overheating 
Why not make this test yourself? Any 
VICTOR distributor will gladly dem- 
onstrate 


at 
4 ES 


Low 





Looks like a New Type 
Welding Nozzle—and it is 


Le t é rl I ¢ € ich es 
, f ‘ 

) ) LUl } . 

" rT — 7 

i fe ev VIC TO! Alt Al I ef 

c r Y vnen 1\eTas r t ed 

- 

Space veliding. ine jer t ‘ 

. ] + + + +} f 

nul ) ] iS pIeve iS € I 
annoying to the operator ana Ss letr ent t ind welding 
"tT" ARIRAT A” ? y —s | . 4 7 1 wrir Y <7 # 7 
The “AIRADIATOR” nozzle was ds med primarily for ae1 
plane parts weiding Dul whether tht peratior ivoives the 
ve ght gauge metals, tubi ( te t y 

RID KY 
we positions wi! [ 1uUsé ‘ the Al! DI 
) 
ATO! ozzle is the answés 
You wont need water bucket keep the AIRADIA i 


nozzie OOo1. 


VICIOR EQUIPMENI COMPANY 


844 Folsom Street 821 Santa Fe Avenue 
SAN FRANCISCO LOS ANGELES 


DISTRIBUTORS IN ALL PRINCIPAL CITIES 

















sno it Pala i ln ne AAA eR SIN i ca a NG 


Diesel Electric Locomot 
70-Ton, 400 HP 








100-TON WELDED TRUCK 


ill-welded 


a = eect ° pct HIGH-PRESSURE 
Portland, Or fon, Tri wo! al n I wit ln rvit inl l ra 


teel truck bu f 
Power Administrati 
fabricated I 
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@ Wherever there are PAGE ELECTRODES there 
is no bottleneck. Welders are getting better welds 
— more uniform welds— welds that pass careful welding, a ehieid-erc 
inspection—and doing it in less time. 

You will find your local PAGE Distributor well 


able to give you exact recommendations—supple- 





mented by interesting booklets—on the electrodes 
that will give you the production you expect and ee meen. 


need today. 





PAGE GS BLECTRODES 


PAGE STEEL AND WIRE DIVISION - MONESSEN + PENNSYLVANIA 


PAGE-ALLEGHENY STAINLESS 
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Finished Joint in 

Steel Pipe Arc Welded with High Tensile 

Electrode, Just After Removal of Asbestos 
Covering 


Carbon-Molybdenum 


istance heater units in asbestos covering 
After the weld was ompleted, an asbestos 
covering was also put over the welded 
joint in order to retard the cooling opera 
tion and obtain better grain structure 
his method of preheating and then allow- 
ing the weld to cool slowly to room tem 
perature reduces the temperature gradient 
between the molten weld metal and the 
adjacent base metal, thus preventing 
cracking and distortion of the weld and 
adjacent piping 


BOMB SCOOTERS 


1 


Io scoot bombs from storage racks to 
planes and boost them aboardship, the 
government has ordered 600 bomb carriers 
like those shown here 

Ihe carrier is placed under a bomb in 
the storage rack and pressure on a pedal 


hoists the bomb clear, after which it is 


Fig. 1—Part of an Order for 600 Arc-Welded 
Steel Bomb Carriers 








Photos courtesy Lincoln Electric (¢ 


Fig. 2—Fabricating a Bomb Carrier at 
Weaver Mfg. Co., Springfield, Ill., 
by Arc Welding 





lowered automatically, but gently, into 
carrying position. The carrier is then 


moved to the plane where a second push 


on the pedal boosts the bomb aboard 
The manufacturers, Weaver Mfg. Co., 
Springfield, Illinois > 


tart production of these 


say they were able to 


‘bomb scooters” 
immediately after receiving the order be- 

use a new process of construction allow 
utilize the jack-lift 


mployed in making their line of standard 


principle 
jacks 
With the new process, which is electri 
manufacturer builds 
simply by cutting up 


irc welding, the 
these ‘‘scooters’ 

tandard rolled steel parts, such as angles, 
plates and shapes, 


rectly together 


and fusing them di 
Delays for pattern mak 
ing and casting, also drilling, punching 
and heading up rivets, are entirely elimi- 
nated. As a result, this process permits 
fast production of equipment for National 
Defens« 

Now being employed in construction of 
battleships, submarines, destroyers, mili 
tary planes, guns, tanks and other essen 
tial items of National Defense, as well a 
vital machinery for Defense Production 
welding is reported to speed production of 
finished products by at least 33!/;% 

Figure 1 shows completed carriers while 
Fig. 2 illustrates fabrication of a carrier by 
arc welding 


BOOK ON TEMPERATURE—ITS 
MEASUREMEMT AND CONTROL 


It was announced last year that a book 
on ‘“‘Temperature—Its Measurement and 
Control in Science and Industry” was in 
preparation to make permanently avail- 
able the valuable papers presented at a 
Symposium on this subject sponsored by 
the American Institute of Physics with 
the cooperation of the National Bureau of 
Standards and the National Research 
Council, held last winter in New York 
This monumental volume will be ready for 
distribution about the middle of February 
The original papers have been carefully 
edited by authorities in their fields 
They have also been rearranged, supple- 
mented and exhaustively indexed. All 
phases of temperature are covered in great 
detail. By special arrangement the book 
is to be published by the Reinhold Publish- 
ing Corporation, 330 West 42nd Street, 
New York City at a list price of $11.00 
per copy. A valuable appendix of 25 
reference tables is also included and this 
may be purchased separately bound for 
$1.00 per copy. With introductory ma 
terial and indexes, the volume runs to 
It will be especially valuable 
for chemists, teachers, physicists, biolo- 


1375 pages 


gists, medical men, metallurgists, geolo 
gists, electrical, mechanical and refrigerat 
ing engineers, and plant operating officials 


GOUGING AND DESEAMING 


Gouging.—This new oxyacetylene proc- 
ess provides an inexpensive means for 
quickly and accurately removing a narrow 
strip of surface metal from steel plate, 
forgings and castings. Applications in- 
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clude the gouging of the und 





tric welds, the removal of weld: 





as temporary tack-welds ar 






welds, the grooving of plate edg 
ration for welding, and maint 
scrapping operations Chis of f 
gouging bottom plates of an oi r for e 
double-welded butt joints (Fis 
Deseaming The desear 
similar to gouging, is of great 








to steel mill operation, and i 


removal of surface defects fro 

billets The nozzle of tl ( mM 
blowpipe is designed to deliver, it ‘ 
tion with the oxyacetylene 
flames, a relatively large jet of y 
low velocity, which ‘‘washes 


aerects Fig yA i 





NEW PUBLICATION 






The Foote Mineral Company 
the publication of the December 


of Foote-Prints which is availabl 







dressing this company at 160 
I 


Philadelph 


cular interest to t 





Street, 1, Penna ( 





iz 
he welding in 





; 
the welding section featuring an ar 
J. C. Joublenc on iron oxide as at 


ent in welding electrode coating 







primarily intended to discuss 





of iron oxide in electrode coating 






article also stresses the im} 
1 





particle size control and poin 







effect of particles size on slag v1 
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® Johin Bronze’ saves desperate 
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[{-dteiies in Nett Woods . 


. - . ‘~ : = . 
ne /’ 7 ma PY bik ~ 


1 me 
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4 


Anothe chapter in Lobin Bronze’s 





“‘life-saving”’ histor) by E. J. Morris, 
welding and Diesel engineer of 


The Pas Lumber Co.,. Saskatchewan 





This big Diesel 8 wv 


through chic! Wood I irve 
through a fuel injector line. The 
in the worst possil plac 10 
inside the nut which fastens tl ine to th 
injection pump. As these lines never fail in nor 
x ! et rs r ner s 
-m 
% | 
nunareds I S awa 


“We decided to 
try repairing the 


ne with Tobin Bronze welding. In mak- 





the repair, the parts were ground 
one shaped to allow almost com- 
plete penetration of bronze; align- 
ment was secured by running a wire 
gh the parts; and the weld made 


with Tobin Bronze. In about three 





hours, the machine was back at work 
the welded line, which is sub- 


ected to pressures of 1800 to 2500 alloys. steel and iron. Tobin Bronze 


.8.1., Operated perfectly.” carries the trade-mark “Tobin Bronze 

This is another instance proving the Reg. U.S. Pat. Off.” in each rod. Look 
value of this Anaconda Welding Rod for this trade-mark and be sure you are 
for litt ult 1iobs on cop per and COp per getting he ; per wine 


conda Welding Rede 


THE AMERICAN BRASS COMPANY, General Offices: Waterbury, Connecticut 


In Canada Anaconda American Brass Ltd., New Toronto, Ont. « Subsidiary of Anaconda Copper Mining Company 
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TUBE DESIGN 





rhis 


ance 


characteristic is essential in resist 


welding control tubes, since resist 
upon high currents 
and the 


if it is to 


ance welding depends 


to develop the necessary heat 
control must respond instantly 
follow the s and so give the 
hese 


available in ratings suitable for 


signal impulss 
desired short and accurate timing 
tubes art 
controlling nearly all sizes of 


resistance 


welding machines 


THE ‘‘AIRADIATOR'’ 


I overheating of welding torch noz 
les ha \ d many lesome hours 
to operators when working on light gauge 


metals in confined areas, or on very heavy 


castings or metal thickne : \ water 


bucket was usually th 


caution against torch popping, hissing 
or backfiring,’’ when the nozzle had to pet 


form in confined spaces ich a ire en 


ountered in certain 


refrigerating coil wo heavy i 


NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


Victor Equipment ¢ ipany with head 
quarter offic ‘ 844 Folso ~ San 
Francisco, now advise that they are ready 
Oo market an 1 oled welding torch 
nozzle called tl Airadiato As the 
T 1 | if | ? y 14] ; 
la c SugRE lt 8 a TaACIALOrT-lke Section 
made out of aluminum and provided wi 


disk-like fins 
rhis 


} ] ; f 


radiating device is made out of 


advises that 


aluminum and the company 
even in severe field tests 
difficult 


arisen 


and on mo 
operations, no 


prevented 


problen . nave 


which the maintenan 


of the desired flame characteristics 


LOW COST GENERAL PURPOSE TIMER 


\ new, low cost, gene ral purpose 





capable of providing extremely accurat 








TWO 
SPEED 


NEW WELDING 
DEFENSE HOUSING 


Made necessary by the def 
| gral ind having i ) 
ion total of 2400 | il feet 

be per hour under ]| 











an 











Fig. 1—One of Two Progressive Spot-W* 


ing Machines Capable of Spot 
Lineal Feet 

Framing Members H 

Opposed Sliding 


Total of Upward of 2400 
Stran-Steel 
Employs Twelve Vertically 
Contact Guns 


Short-Coupled 


Transformers Mounted in the 
Sides of the Machine 


v 1V Weld te any 

Outer Drive Detroi Mi 

ntly pla 1ino itior 
mn plant of the Stran-Steel 
P ously \ d and 





the entire line of Stran-S | 
half uds and na Ww i 
copper bearing ee] fir 

angle r channels and then 


Welding 





per 


with 5S 


Bas a 






















BFTEEN YEARS PROGRESS BY RESISTANCE WELDING 





Machine Hours are the focal point of industry's efforts towards 
utmost efficiency—to get the maximum amount of machinery run- 
ning the maximum number of hours. Complete accomplishment 
of this objective requires coordination of all phases of produc- 
tion... . coordination that involves the stepping up of many proc- 
esses to match accomplished speed in others 

The amazing progress of Resistance Welding during the past 
W hile 


providing advanced welding machines for faster, improved metal 


fifteen years has offered unique advantages in this respect 


fabrication, at the same time, many complicated or difficult manu- 
facturing steps of different nature have been improved or elimi- 
nated. For example, the rapid joining of two or more simple 
stampings by this method has replaced countless intricate, trouble- 
some stampings. This is the type of development that opens the 
way for smoothly functioning, all-out production—maximum 
Machine Hours. 

Consult any of the member companies listed 

here. They have experienced engineers avail- 

able who can show you what results Resistance 

Welding can accomplish in your plant 


RESISTANGE 
WELDER 


MANUFACTURER'S ASSOCIATION 





505 Arch Street 


—— ADVERTISING 


Philadelphia, Pa. 





we x , Romy pmucuwea aie BAIS Yas 
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MEMBER COMPANIES 


Swift Electric Welder Company, Detroit, Mich. 

Taylor-Hall Welding Corporation, Worcester, 
Mass 

Taylor-Winfield Corporation, Warren, Ohio 

Welding Co., Lynn, 


Thomson-Gibb Electric 


Mass. 
Welding Machines Mfg. Co., Detroit, Mich. 


Acme Electric Welder Company, 
Park, Calif 


Eisler Engineering Company, 


Huntington 


Newark, N. ] 
Expert Welding Machine Co., Detroit, Mich. 


Federal Machineand Welder Company, Warren, 
Ohio 


Multi-Hydromatic Welding and Manufacturing 
Co., Detroit, Mich. 


National Electric Welding Machines Co., 
City, Mich. 


Progressive Welder Company, 


Bay 


Detroit, Mich. 


ASSOCIATE MEMBER COMPANIES 


P. R. Mallory and Co., Indianapolis, Ind. 
S-M-S Corporation, Detroit, Mich 

Electroloy, Inc., New York City 

Welding Sales and Engineering Co., Detroit 


Mich. 























Fig. 2—Welds Are Located When Bubbles, 
in the Underside of the Channel Section, 
Drop Onto Guide Rolls Adjustment for 


Various Width Shapes as Well as for Dis- 
tance Between Welds Is Provided 


length of each member The projection 
formed by bubbles stamped at regular 


intervals along one half of the comy 


section provides this nailing space 


I'wo identical machines each employing 


twelve vertically opposed sliding contact 
guns and six welding transformers (on 
for each spot weld made) are used. An 
air-hydraulic booster with a large reser 


voir and high-pressure capacity is 
ated by air to 
for the 


12 guns 


upply sufficient hydrauli 


simultaneous opet 


pressure l 


of the 
To 


ation 


accommodate any of the various 


width Stran-Steel members, provision is 
made for adjustment as to distance bs 
tween guns on each side Guns may be 
moved also for the proper spacing bi 
tween spots longitudinally This, to 


gether with the provision made for cutting 
out 
the 
half stud members 


side 
for 
makes each machine 
capable of welding any of the 


sections 


the guns on either 
machine to be used 
Stran-Steel 
Since the tal 
for instance, are made up in 11, 12, 
16 gages) require 
pressure, weld time 


varying gages of m¢ joists, 
13, 14 
and different welding 
and welding current, 


provision for adjustment of each is made 


WELDED VESSELS—-BY THE CARLOAD 


An excellent example of the application 
of welding to petroleum refinery equip- 
ment is shown in the accompanying photo- 
graph of 16 sizes of pressure vessels for a 
mid-continent refinery, manufactured by 
the Vulcan Steel Tank Corporation, of 


Tulsa, Oklahoma. The all-welded vessels 
range from 150 lb. to 500 lb. working 


A most interestin 
bulletin has just been issued by the 
National 
600 FE 


Michigan 


Time & Signal Corporati 


Avenue, 





igh booklet give 
complete technical details and illustra 
tions in regard to the various timers put 
out by this company Reference is given 


to special timers for stainless steel re 
sistance welding here are also timers 
for regular spot welding operations and 
interrupted multispeed and other timing 


interested in resistance 


devices. All thos: 
welding timing should 
available a copy of this booklet 


hav 


operations 


Employment 
Service Bulletin 


POSITION VACANT 


Wanted—Consultant in « 
welding high-pressurt 
tocks Must be expert 
of suitable steels for 


onnection with 
wi Ided steel pen 
t in the selection 
welding and other 


s involved 





years’ experience in all position 
for Sun Shipbuilding Age 24 
to start at nominal salary anywhere 





eT ll 


r. COLK 


A-396. Welding En 


first-hand experic 


ge grad 


in design of 





uate, 


welded constructions, solving welding 
shop problems, improving welding and 
flame-cutting methods, automatic weld 
ing, physical tests, X-ray inspection, 


thermal treatment, conversant with code 
work, now designer-draftsman with plat 
fabricating company, desires chang: 

A-397. Graduate of New England 
Schools of Practical Training, completing 
a four day course in Acetylene 
and Electric Welding, totaling 280 hours, 
of which 40 hours were spent on Acetyl- 
ene, the remainder on Electric Arc Weld 
ing. Single Willing to work anywhere 


months’ 





Welded Pressure Vessels Loaded on a Special 65-Foot Car 


Photo courtesy Metal & Thermit Corporation 
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LUKENS PROMOTES THE] 


William G. Th 


isinger, w 
ha ct welding and Metal 
gineer of Lukens Steel Compa 
ville, Pa., has been appoint 
Welding Research of the con 
Dr. Theisinger was born 
Pa., in April 1904. Upon 
his education in the Harri 
lic schools, he joined the Harri 
Corporation where he served 
At that time he became asso 


the I 
of New York in the « 
ing inspection, 


Board of Transportation 


levelopr 


W. GC. Theisinger 


In 1930, 


Dr 


Science. During the 


served 


on high-amperage, 


In 1935, after completion of post-g 


Harvard, he 
tor of Science 


work at 
of Da 

Dr. Theisinger is 
AMERICAN WELDING 


can Institute of Mining and Metal 


Engineers and the 


Philadelphia 


summer 


automat 


received 


a meml 


SocIETY, 


Harvar« 


i 


the Western Pipe and St 
pany of California as Consulting Et 


th 


ui 


ol 


Theisinger entered 
vard University from which he gra 
in 1934 with the degree of Bachel 


4 




































4 


‘Simplify your Welding Problems 
witH U°S°S SPECIAL STEELS 


sae pallid saaitials : deitiek fs 








greater efficiency of rolled steel desion help. if vou havi rt ir prob 

and construction lem let us sh - @ put 

: . Special steels for special jobs that these st Is il ! ent where 

/t will pay you to investigate allow you to add strength. without they will do th t good. Our or 

the advantages of the special adding weight tale on “ al aia : saa ica 

steels we offer for rolled steel sistance to corrosion, heat. wear. im- so hein vou. Wi a . am 

construction. pact, vibration or abra ! the complet forma r ask one of 
vital spots without extra costs You our steel experts to call 


U-S‘S Cor-Ten to resist corrosion 


U-S‘S Man-Ten and Cor-Ten to reduce 





ht and increase strength 


USS Abrasion-Resisting Steel for use 
where abrasive conditions are excep 


evere 


US'S Heat-Resisting Steels to combat 


high temperatures 


U-S’S Stainless Steels to resist corrosion 
of all kinds 





US'S Carilloy Alloy Steels to carry 


tremendous bearing pressures. 














CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisce 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmincham 


United States Steel Export Company, New York 


H 
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200 FEET OR SIMILAR LONG CABLE 
RUNS. THERE'S NO RUNNING BACK 
TO A FLEXARC FOR READJUSTMENTS. 


the 
0-FOOT TEST 


E ELECTRI 


tinghouse yan". 
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ciety of Civil Engi will be held o 
March 19t] ¢ G. |! Jenk I : 
Art y ) d f lL) iP 1 I 
4 wW. S. will vy and wil 
industry can V O ’ 
in the National Defense Progra 

Improv ! in Welding y Mea 
f Preheating’’ v f 


Subject 


May 6th meeting will be announced lat 





NORTHERN NEW JERSEY 


The regular meeting of this Section wa 
held on January 21st in the Oxford Root 
of the Essex House, Newark Mr J H 
Deppeler, Chief Engineer of the Metal 
and Thermit Corp., presented an int 
esting non-technical description of the 















































late developments in preh ating practice 




















picture, ‘“‘Welding on the New Union Air 
lines Terminal Building in technicol 





showed the complete story of the shoy 








fabrication and field erection of the fran 
work of New York’s newest showplac« 





























details. The film was shown through the 
courtesy of Air Reduction Sales Co 


Mr. LaMotte Grover, Structural Weld 
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fundamental princip! of the thermit 
welding process and of the techniqu 
ployed in its application The utility of 
the process for making repairs to heavy 
section wit! pecial fere1 ) i 
yard work and steel mill repair: wa 
scribed and illu ite l pro¢ ) 
possibilities of the pro were shown 
its application to welding of 
rails into cont ) 

Suppl M4 
welding, Mr. D ler gave a talk 
design of a Ww i el r I 
disc ion explained dif 
tween the diff t ty] of lectro 
coating he g il purpo f coa 
on ek ro ind other 

he Sec ond speaker Tt even wa 
Mr. C. J. Holslag, ¢ f Engi r of 
Electric Arc Cutting & Welding Co., wl 
spoke on ‘“‘Improvements in Welding by 
Means of Preheating How iting 
methods solve welding problems that ari 
in the construction of high-pr ure stean 
lines where special alloy ls are user 
furnished an interesting introduction to a 


paper which described in detail some very 


At the February 18th meeting a motion 


Close-ups show the welding of typical 








ir d the ting on “Co t ion and 
Fabrication Mr. Isgren introd d hi 
i with a sour li howing LeTo 
ea lournapt action in the field o 
pecif project ugho tl i 
By od of le film Mr. Isgre rought 
his t into tl LeTourneau shops a 
Peoria and California, di ssing wel 
ynst tion and fabricatior 

Phil Brain’s motion pictures of the 194 
Golden Gophers football games we 
hown after the meeting 
OKLAHOMA CITY 

The following is the program for t 
remainder of the season for the Oklahoma 
City Sectior 

April 10—6:30 P.M Procedure Co 


trol of Welding by O I Barnett 
Metal & Thermit Corp. (Dinner Meeting 
May 8—8:00 P.M Hard Surfacit 


by E. F. Smith, Hayt Stellite C 

June to be announced Résumé 

1, Ref 

y i tl } } I i ‘ 
PEORIA 

N Viy ] I | ) i 
o. f aa f . 
& Wa J. Bro a. "a 

i ] 4 i Clif 


J ledge, A. I & So I \ 
Cor to ve for 2 yea 3 
Rei El: r I e! W Vi Wilk 





wa yy I b i ‘en al Il 
inois Li Co y auditorius Hi 
ibject wa rt} M llurgy f A 
Welding,” and k was acco inl 


Mr. I M. K ing, Manager, Special 
Products Division, A. O. Smith Corpora- 
ion, as speaker Mr. Keating’s subject 
was on “‘Welding and Mass Production of 
Special Products A motion picture, 
ilso shown 


will be held on the 





bloom, Research and 
Development Engineer of the Cran 


y, will speak on “‘Hard Facing 





ts Use and Application A motion 
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ises of Unionmelt 

I March meeting w 

7 Mr. H. W. Lawso 
hem Steel Co. will speak 


In May there will be ar 





_o1o ] G ] J h Urd 
Washington, D. C., and Presi 
ICAN WELDING SOCIETY, wi 
principal speaker at the Fo 
Dri-St g ¢ 
to hb 








fhe Confer will be hel 
Engine Society of W 
iva 1 and both af 0 
1 will be hel 
l January 15 i 
9 section wa ith na 
| wr tt} 
ve] th 
{ Boa { W 
$ itisiacto 
i ask I I now 
sonf 
> bikat | 
Wa oug! ) 
y V eT ind 
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lise oO yf 
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PUGET SOUND 
Frank | Bo Pro I 
Boeing Aircraft ( ind (¢ 
4 al Soci y to M i 
SO hapter present da 


lding in Aircraft at 


of the Puget Sound 





h meeting 

George Tepley of the Eagle M 
gave a short talk on Application 
ing on Non-Ferrous Metals 


ROCHESTER 


The Rochester Section had the 


of hearing Mr. John H. Zim 


Manager of the Development Depart 


The Linde Air Products Compa 


MARCH 
































When you think of Hard-Facing 
—think of “HAYNES STELLITE” 





| (VE you wondered whether a cer- 
tain wearing part in your plant 
eould be hard-faced for longer life and 


lowe costs 
Have you, perhaps, wondered what 

hase metal to use—what hard-facing rod 
it welding process—what finishing 
dure? 

(Juestions like these are being answered 


laily by our sales engineers, practical 





en with long experience in solving these 


ery problems—men who pioneered hard- 


Harp-FacinG APPLICATIONS in many industries are ds 


scribed and illustrated in the book shown above. It tells 


facing and then developed it into the 
odern money-saving process it 1s today. where and how to use hard-facing profit iblv. and ives 
When vou think of hard-facing. think figures on actual savings made. A copy will be sent 


f “Haynes Stellite”’. and phone or write to you upon request. 





our nearest office. Our services are at your — —— 
command, without obligation. 


A Rod for Every Hard-Facing Purpose 
’ 


Haynes Srecture Rop the original non-ferrous co 


balt-chromium-tungsten hard-facing alloy——now avail 





able in three different grades high in “red hard 

ness”. highly resistant to abrasion and corrosion 
applied by oxv-acetvlene or electri ire process | 
Hascrome Ropv— iron-base hard-facing rod contain | 
ing chromium and manganes« work-harden 
under impact ipplied by oxv-acetvlene or electr 


irc process 


Hayes Srecore “93°? Rop— iron-base hard-facit 


allov containing more than 40° of alloy ingredient: 





| 
hard and abrasion-resistant ipplied by oxy 
| 
acetvlene or electric are process, | 
Havnes Stellite . saantats —_ 
. Stellite ws sentatives, and ser- Hay reLLiti INSERTS east tungsten ¢ irbicde | 
ice Ope rators of Phe Linde Air Products standard shapes and sizes extreme ly resistant to 
Vompany, are all practical men who like abrasion—-generally applied by oxy-acetylene process 


nothing better than to work right on the with high strength steel rod as binder 





job and show you how to use hard-facing Hivysrecorre Tune Rop— tungsten carbide grains of 





most profitably. Call on them—they are 9 standard screen sizes in high strength steel tubes 
extremely wear-resistant—applied as hard-facing rod 





always glad to help. 





generally by oxv-acetvlene process 







Headquarters for Hard-Facing Materials Hiaysrecorre Composire Rop tungsten carbide grains 


aa of 4 standard screen sizes uniformly distributed in 
HAYNES STELLII E COMPANY 
Unit of I nion Carbide and Carbon ¢ orporation applied as hard-facing rod. vere rally b OXY 


New York. N » T ae Kokomo, Indiana acetylene process. 


Chicago— Cleveland— Detroit Houston 





high strength steel binder—-extremely wear-resistant 


























Los Angeles—San Francisco Tulsa 





Haynes Stellite Haystellit« wd “Hi 
‘ 


registered trade-marks Hi 
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rhe first meeting of the new year wa aesigned 


SOUTH TEXAS held on January 17th at the Mayo Hotel as were po 





Mr. F. C. Hutchinson, Division Engineer (he discussion following 
. - - naner vt nel — 
he first meeting of 1941 wa Id a of The Linde Air Products Co., spoke on paper was extremely m 


: : : ‘neo % + the hiect and nr 
the Houston Engineer \ oO! lat ry tne subdirect Recent Dx vi lopm nts in ing that th au +a | 
o ¢ ¢ “* t cyt i} 1] 
15th, and some one hundred and twenty Oxy-Acetylene Practices,’’ which was il- ee PAPE’ 
sth 
members and guests were present Ch lustrated with motion pictures and slides — 
7 t 4 ng > 

Executive Committee conven at 7 Che second meeting was held on Janu WESTERN NEW YORK long 

. ee . ” 1 . _ » < fuTe = + gauge 
PN and elected the following chairmen iry sist The three big feat pa S on the [The Ja iry meeting wa longi 
of active committe Program Con program wert 1) Mr. Russell Hill, on 7 1941. at the Univer end ¥ 
nittes | a i Membershir the subject Telding r Us n ‘i atin , 
mi r. D. Ketchbaw; Memb ip i ect, “Weldi tor > irted with a dinner whi rod ¥ 





. , , — - . ‘ ' = ae ” M+ sags 
Malcolm Reed; Periodicals and Lite “‘.-% lng oo ape ~ _ by the regular business mee 
Th ; 1 ’ | teartaine nt oures on the subject Fund 4 : 
pimee . Jack ee =n clncuepaas pos : st ; ‘ . It Wa decided to have i 


J ; <a 
J. Brugge; New Developments, R. | mental of Welding Design.” (3) M1 ) fs Charts r 


: , Wood , ings of the section at the 
Arnold Parker \ ‘atterson with answer te ; , 
Arnoldy : ne ; ; ' P ind precede them with a " 
hie rl r meeting * ( led te woer juestion previous < ed . . . 
rhe regular meeting was called a 10 OuSly aske¢ ill members and the: 


at7:30P.M. Mr. J. F. Lincoln, President \ special invitation to attend this meet 
of The Lincoln Electric Company, Clev ing was extended to members of the En Appoint 


land, addressed the Section on ‘‘Weldin gineers’ Club of Tulsa, fabricators of steel] ee 








as Used in Manufacturing’ and used lan products, and schools of welding nA : : Pare 
> oe : : vien ip Commi wa 
tern slick to illustrate various point Che February meeting was held on the ' 
2S PUR Shy oe I eaker of e evening 
sae y hye ssaoht auf ] weno 4+} tr yr \ heimeer ire tor ol 
that were brought out. Following th th. Or. W. ©. Themager, Directe P. Smith of The Lincoln | 
address question {rot t he floor an Welding Research of Luken Steel Co., nat raX n , 11 
’ - os . . . , pa y rave aii CACCHI 
a general discussion brought ) \ Coatesville, Pa poke on Pechnical wk on “Cost Redux 
eral points of current interest regarding Matter Involved 1 e Application and Co ol Che talk wa 
; ‘ I } ‘ ? ; i) ; +} I? 
welding in connection with the rearma Fabrication of Steel Produc with Refer . Hil 
mca : CCl 1010 1O 
nent tf y en Cechnicolor ; 1 
mit program i — nO 1 ligh wa highly 
Mr. E. C. Jackson reviewed last issu pl Dr. Theising 





, , ' ' r vi VA 
of THE WELDING JOURNAI ure ecial feat wa é . 
At if hry ro hel +} ec} nicture howir t he 
\t its February meetin yn tl pl showing l on _ , 
© , citadel , + YORK-CENTRAL PENNSYLVANI 
at the Houston Engineers’ Club, approxi largest steel plate rolling mill in the world 
mately fifty per cent of the membershiy is it functions in the production of steel About ninety men brave 
were present to take part in a lively di plat to hear Mr. F. H. Miller speak M 
ion instigated by local talent Mr ect ‘Trends of Arc Welding i te 


, WASHINGTON, D. < ing 
Section, read and discussed i paper on ( l il Pa. Section M \f 
Discovery and Development of Ar The fourth regular ae a mtendent of the Welded P: 
Welding, and Mr. (¢ ( Goolsbet Washington Section was held at 8:00 P.M escent off Cin Chama Mintein ¢ 


Welding Engineer of the Reed Roller Bit n January 28, 1941, in the auditorium of tady, N. ¥ His talk wa 
Company, reported on the work that i Potoma | 


Vv 









of New Members 


December lst to December 31, 1940 


List 


BIRMINGHAM CANADA CHICAGO 


Curry, Don H. (D), 1224 No. 3lst St Pendlebury George T Lanadian Bernard, Art (C), The Linde A 
Birmingham, Ala Pact Railway, 1426 Line \N Co., 9043 So. Paulina St., ¢ 
Winnipeg, Mani i, Canada Matis, Henry A. (( 49 
- Chicago, Il 
BOSTON CANAL ZONE Peterson, A. C. (B), G B. | 


Kiley, Henry E. (C), Mass. Inst. of 1 Romanek, Ferdinand (1 B 64, Bal Co., E. Chicago, Indiana 


Cambridge, Mass a, Canal Zor 1" 
Robinson, John B. (C), General Accident CINCINNATI 

Fire & Life Assn. Co., 10 Post Office Sq CHATTANOOGA Gabriel, William (D), 1726 Pulte S 
Boston, Mass. Farmer, C. W. (1D), Center, Alabama mont, Cincinnati, Ohio 
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VALIDATE DP RB I etek 
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2APER STOCK TROUGHS: A large —— DRYING TRAYS: Monel tray 
-outhern Kraft mill made three 60-foot 
x 26” stock troughs from 16 

onel sheet. In each trough, 2 
itudinal welds, 5 girth welds and 2 
velds were made. No. 130X Monel 


used throughout. 


s 60 in 
long by 20 in. wide welded from .078 in 
gauge Monel using No. 130X. Suited for 
many drying problems, they resist sul 
furic, phosphoric and other acids at high 
temperatures, and contact with absorb 

ents in the presence of electrolytes. 


COVERED ROLLS: Covering rolls with 
Monel by electric welding using No. 
130X rod. Patent-protected process de- 
veloped by Youngstown Welding and 
Engineering Company of Youngstown, 
Ohio. I inished rolls are shown below. 


VARNISH KETTLES: Monel Varnish kettles 
regularly welded with No. 130X Monel 
1. Old copper varnish kettles are gener- times their own wei 
e-bottomed with Monel. Lower sec- 50 Ibs. each. hoo 
is of those illustrated are 14 gauge  .. . designed for a load 
Monel. bronze welded to upper copper sec- ~ 7 steel in coil All-weld. 
tions. Bottoms are 7 gauge Monel. All Monel coeur f No. 130X% Monel 
to Monel joints employ No.130X Monel rod. 3 





PICKLING CRATES 


pickling crates safel 











resistance to corre 


T’S EASY TO WELD MONEL.. 


when you use No 130X plete penetration from one side, without veeing and 


with or without a suitable backing. 


Monel ite) Are Welding Rod PME Melohatielel( MioMelial ell Melm 7 eh7-Bol-i+llileMsele Mel) 


sheet heavier than 12 or 13 gauge. 


Metal arc welding of Monel to Monel, Monel to steel, 5. Draw edge of fat chisel along edge of weld to re- 
or Nickel to steel, is easy. How do you do it? Use move flux after welding. 
No. 130X rod, and follow these pointers: Write for T-2, ‘Welding, Brazing and Soft Soldering 


# of Monel, Nickel and Inconel.” Address: 
1. Reverse polarity...work negative, electrode positive. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
2. Use lower heat than for same work in steel. Run 67 Wall Street New York, N. Y. 


are el ole Mo lM tacelsMicMel Male Mi tele y 
Ni Mone s o registered trade-mork of The Internotionol 
4 E Nickel Company, Inc., which is applied to a nickel alloy con 
3. On sheet up to 10 gauge a single bead gives com- toining opproximately two-thirds nickel and one-third Copper. 
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Lawrence Ave., Indianapolis, Ind 
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Milwaukee, Wis 
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Krassner, Geors D Ardsley New 
VY ¢ 

Martini. Charles D), 252—74th St 
Brooklyn, N. \ 

Michelsen, Henry H. (B), Coml i 
Engrg. Co., 2 Mad n Ave., New 
York, N. ¥ 

Moravec, Charles (C 135 Elliot PI 
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Morgese, James (1 4 New Y 
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Obe rst, Hugh J. (D), 5060—45th St 
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for Smoother, Closer 
Control of Arc Weld- 
ers, Spot Welders, Tim- 
ers and Flame Cutters 


These compact, vitreous enameled Ohmite Rheo 
stats have made possible smoother, closer, more 
gradual current control of elects welders, and 
finer speed control of motors used 1utomatic 
flame cutters. Continuous variation of resistance in 
even the smallest sizes—saves space and weight 
simplifies design problems Ten wattage sizes fror 
25 to 1000 watts tapered or unitorm! wound, as 


required. Hundreds of standard field voltage ratings 
for separately or self-excited generators. Special 


rheostats designed to your specifica 
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With a background of more than 35 years as a leader 
in the welding and metallurgical fields, Metal & Thermit 
was among the first to recognize that a welding elec- 
trode, like a tool, should be specifically designed for 
the work it is to do. 


Just ten years ago, when one type of electrode was con- 
sidered sufficient for all purposes, Murex Type F and 
Cresta, made especially for high speed downhand work, 
were introduced. Quickly these rods became the stand- 
ard of the industry for the high quality welding required 
in the fabrication of pressure vessels and heavy ma- 


chine frames .. . a position they continue to hold. 


Today there are seven Murex rods for welding mild st 
alone — characterized by ability to handle easily, t 
operate at high currents and to produce sound, clea 
welds. Each is enough different to permit you to choose 
a rod exactly suited to the particular application. so that 
you can be assured of the utmost in the quality of you 
work, plus the lowest possible welding costs. 

An important part of Murex service is engineering 
vice on difficult and unusual] welding jobs. We 
helped hundreds of manufacturers improve their wel¢- 
ing and save production time. Perhaps we can do the 
same for you. 


Murex electrodes are sold through our branch offices and distributors in key industrial centers. 
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